PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 2001 -345480 

(43)Date of publication of application : 14.12.2001 



(51)Int.CI. H01L 33 /°° 



(21 Application number : 2001-101990 (71 Applicant : TOYODA GOSEI CO LTD 

(22)Date of filing : 30.03.2001 (72)Inventor : KAMIMURA TOSHIYA 

HIRANO ATSUO 
OTA KOICHI 
NAGASAKA NAOHISA 



(30)Priority 

Priority number : 2000096865 Priority date : 31.03.2000 Priority country : JP 



(54) III NITRIDE COMPOUND SEMICONDUCTOR ELEMENT 

(57)Abstract: B 
PROBLEM TO BE SOLVED: To obtain a large-sized light ^ 
emitting element which can emit light uniformly. \ 
SOLUTION: In this light emitting element having the 
outermost diameter of >700 jum, the distance from an n- 
electrode to the p-electrode at the farthest point from rr= 



the n-electrode is adjusted to <500 /xm. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 



http://www1 g.ipdi jpo.go jp/PA1 /result/detail/main/wAAAbgaaeODA41 3345480P1 ..j 2004/01 /30 



*4 



THIS PAGE BLANKS 



Searching PAJ 

[Date of registration] 
[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



2/2 ^— is 



http://www1 9.ipdl jpo.go jp/PA1 /result/detail/main/wAAAbgaaeODA41 3345480P1 „j 2004/01 /30 



THIS PAGE BLANK (U8PT0) 



1/2 <<— is 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An III group nitride system compound semiconductor element characterized by what 
distance to a point of p electrode that a diameter of the outermost separated from n electrode 
most in an element 700 micrometers or more is in less than 500 micrometers. 
[Claim 2] Said element is an III group nitride system compound semiconductor element according 
to claim 1 characterized by what it is a rectangle when it sees from a plane, and the length of 
the side of 1 is 500 micrometers or more. 

[Claim 3] Said n electrode is an III group nitride system compound semiconductor element 
according to claim 1 or 2 characterized by what is extended to a part for a center section of 
said element when it comes to have n auxiliary electrode extended from n plinth electrode and 
these n plinth electrodes and these some n auxiliary electrodes [ at least ] look at said element 
from a plane. 

[Claim 4] Said p electrode is an III group nitride system compound semiconductor element 

according to claim 1 to 3 characterized by what it has for p electrode which comes to have p 

auxiliary electrode extended from p plinth electrode and these p plinth electrodes. 

[Claim 5] An III group nitride system compound semiconductor element according to claim 4 

characterized by what is been in within the limits whose distance with a point of arbitration of 

said translucency electrode, said p plinth electrode, or said p auxiliary electrode is 0-1000 

micrometers. 

[Claim 6] An III group nitride system compound semiconductor according to claim -4 or 5 with 
which said n auxiliary electrode and said p auxiliary electrode are characterized by what is 
arranged pectinate. 

[Claim 7] Said n auxiliary electrode and said p auxiliary electrode are an III group nitride system 
compound semiconductor element according to claim 4 to 6 characterized by what a portion 
arranged in parallel with mutual is included for. 

[Claim 8] An III group nitride system compound semiconductor element according to claim 4 to 7 
characterized by what two or more arrangement of said n plinth electrode is carried out, and is 
done for two or more arrangement of said p plinth electrode. 

[Claim 9] An III group nitride system compound semiconductor element according to claim 1 to 8 
characterized by what it has light emitting device structure or photo detector structure for. 
[Claim 10] resistivity of a thickness rho:n mold half conductor layer of a X<=t/rho, however a t:n 
mold half conductor layer with which a diameter of the outermost is satisfied of requirements for 
the following distance of X micrometers from a point of arbitration on p electrode to n electrode 
in an element 700 micrometers or more — an III group nitride system compound semiconductor 
element characterized by things. 

[Claim 11] An III group nitride system compound semiconductor element characterized by what 
is been the range whose distance to a point of p electrode which is most separated from n 
electrode in an element whose thickness of this n-type-semiconductor layer a diameter of the 
outermost is an element 700 micrometers or more, and resistivity of a n-type-semiconductor 
layer is 0.004 - 0.01 ohm-cm, and is 3-5 micrometers is 300-500 micrometers. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an III group nitride system compound 
semiconductor element. For example, it is invention suitable as amelioration of the electrode of 
III group nitride system compound semiconductor light emitting devices, such as blue system 
light emitting diode. 
[0002] 

[Description of the Prior Art] In III group nitride system compound semiconductor light emitting 
devices, such as blue system light emitting diode, in order to obtain uniform luminescence from 
the whole surface of an element, various proposals are made. For example, in JP, 8-3401 31, A or 
JP,1 0-1 1701 7,A, p auxiliary electrode is prepared in the upper surface of p contact layer at a 
radial, and equalization of inrush current density to p contact layer is in drawing. Moreover, as 
shown, for example in JP,10-275934,A, there are some which stick a translucency electrode on 
the upper surface of p mold contact layer, and prepare p plinth? electrode on it. In this example, p 
auxiliary electrode is installed along the side of an element from p plinth electrode. The example 
which prepared n auxiliary electrode along the side of an element from n plinth electrode formed 
in the corner of an element is indicated by JP,9-97922,A and JP,2000-22210,A. 
[0003] 

[Problem(s) to be Solved by the Invention] According to examination of this invention persons, 
high brightness was required and it turned out that it is desirable to enlarge the chip size of the 
light emitting diode to be used in the signal which uses the light emitting diode of the same color, 
gathering. It is because it will become easily [ the circuit design for distributing current to 
homogeneity ], and simple to each light emitting diode that the man-hour for assembly of light 
emitting diode becomes small, and serves as reduction of a manufacturing cost from the first if 
the use number is reduced by enlarging a chip size, this invention persons followed and came 
examination in piles that the chip size of a light emitting diode should be made large, 
consequently — a degree — it came to find out the technical problem. 

[0004] Since resistance of n contact layer (layer in which n electrode is formed) in light emitting 
diode is comparatively high, current does not fully spread to a portion far from n electrode, but 
luminescence in the portion concerned falls. On the other hand, in the portion near n electrode, 
since strong luminescence is obtained, if it sees with the whole element, luminescence will serve 
as an ununiformity. When the conventional small element (300-400micrometer**) was looked at 
from this point, in the portion left distantly [ electrode / n ], it was dark somewhat, but since it 
was the field, where this portion is very small, the ununiformity of the luminescence concerned 
did not become a serious failure on parenchyma. When the chip size became large and it is going 
to secure the suitable current density poured into per unit luminescence area, the amount of 
current impressed to p plinth electrode must be enlarged. Although the current impressed to p 
plinth electrode will flow into a translucency electrode from this p plinth electrode, if the amount 
of current becomes large, a possibility burned between p plinth electrode and a translucency 
electrode (the translucency electrode of a joint can be burned off with the Joule's heat to 
generate) of generating will become high. The area of the interface of p plinth electrode and a 
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translucency electrode is in one factor which determines the amount of current (the amount of 
allowable currents) which can be poured into p plinth electrode, and the more the area 
concerned is large, the more it is thought that the amount of allowable currents can be enlarged. 
Moreover, when the diameter of the outermost tends to secure the suitable current density for 
an effective luminescence side in a large-sized chip 700 micrometers or more, in the 
combination of one p plinth electrode and one n plinth electrode, there is **** which the fault 
that mold resin will be burned by pyrexia in the bonding wire section, or the bonding wire itself 
will be disconnected with heat produces. 
[0005] 

[Means for Solving the Problem] This invention is made that at least one of the above- 
mentioned technical problems should be solved. Namely, an III group nitride system compound 
semiconductor element characterized by what distance to a point of p electrode that a diameter 
of the outermost separated from n electrode most in an element 700 micrometers or more is in 
less than 500 micrometers. 

[0006] Thus, since a point of p electrode which is most separated from n electrode is in the 
above-mentioned distance according to the constituted III group nitride system compound 
semiconductor element, even if resistance of a n-type-semiconductor layer is high, an electron 
is fully poured in also to a portion of an element which is most separated from n electrode 
(current is spread). Consequently, the whole surface of an element emits light more equally. In 
addition, a radiant power output is saturated with a place where, as for relation between current 
density and a radiant power output of a light emitting device, current density exceeded a 
predetermined value. That is, even if it pours in current density beyond the predetermined value 
concerned, an increment in a radiant power output corresponding to it is not acquired, therefore, 
a high radiant power output — and if it is going to attain high luminous efficiency, it is desirable 
to attain current density near the predetermined value concerned throughout an element. If 
distance of n electrode and p electrode is specified like this invention, the suitable current 
density concerned can be obtained throughout an element, and an element which had and was 
excellent in luminous efficiency can be offered. 

[0007] In addition, in this specification, n electrode consists of n auxiliary electrodes extended n 
plinth electrode and from now on, and p electrode consists of p auxiliary electrodes extended 
from p plinth electrode and p plinth electrode. Moreover, when an element is regarded as a 
diameter of the outermost of an element from a plane, it is the length of the longest straight line 
which can be drawn on an element, and when an element is a rectangle, the length of the 
diagonal line serves as a diameter of the outermost. It is also the same as when an element is a 
rhombus. When elements are circular and a diameter of an ellipse, it is a straight line passing 
through a center. Thus, especially a configuration of an element is not limited. It is also possible 
to adopt an element configuration of polygons, such as a hexagon and an octagon, other than the 
above. A still more desirable maximum of distance between n electrode and p electrode which 
separated most from now on is 400 micrometers, and is 350 micrometers further still more 
preferably. As for this configuration, in the case of a rectangle chip, it is desirable that a length 
of one side is applied to a chip 500 micrometers or more (a diameter of the outermost 700 
micrometers or more). Thus, there is **** which it becomes such a big field that a portion which 
becomes dark, without distance's separating from now on and obtaining sufficient current density 
with an n electrode configuration like before if a chip size becomes large cannot be admitted, and 
the field appears to a part for a center section of an element, and makes a luminescence mode 
unsuitable. Furthermore, in the case of a rectangle chip, a length of one side is 600 micrometers 
or more, and a length of one side is 700 micrometers or more further still more preferably, and it 
is 800 micrometers or more most preferably. 

[0008] Thus, in order to store distance of a point of arbitration of p electrode, and n electrode 
within the limits of predetermined, on an aspect of affairs of 1 of this invention, a configuration 
which installs n auxiliary electrode from n plinth electrode to a part for a center section of an 
element is adopted. When n auxiliary electrode exists in a part for a center section of an 
element, distance to all corners of n auxiliary electrode and an element concerned becomes 
fixed. By this, a fall of a radiant power output in a corner can be prevented. When n electrode is 
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improved as mentioned above and homogeneity diffusion of current over a n-type- 
semiconductor layer is secured, the next technical problem has newly emerged. When a chip size 
is expanded and distance from p plinth electrode or p auxiliary electrode becomes large, it 
becomes impossible to fully pour in current also in a type which sticks a translucency electrode 
on a p type semiconductor layer, and aims at diffusion of current to a p type semiconductor 
layer of a portion which it becomes impossible to have disregarded resistance of the 
translucency electrode itself which is a thin film, and is separated from p plinth electrode or p 
auxiliary electrode. 

[0009] So, on an aspect of affairs of 1 of this invention, distance with a point of arbitration on a 
translucency electrode, p plinth electrode, or p auxiliary electrode was made into within the limits 
of 0-1000 micrometers. Thus, according to the constituted III group nitride system compound 
semiconductor element, since all points of a translucency electrode are in the above-mentioned 
distance from p plinth electrode or p auxiliary electrode, current is fully spread also to a portion 
of a translucency electrode which is most separated from p plinth electrode or p auxiliary 
electrode, and it is poured in in a p type semiconductor layer under it. Consequently, the whole 
surface of an element emits light equally substantially. A maximum of a still more desirable 
distance with a point of arbitration on a translucency electrode, p plinth electrode, or p auxiliary 
electrode is 500 micrometers, is 450 micrometers further still more preferably, is 400 
micrometers further further still more preferably, and is 350 micrometers most preferably. As for 
this configuration, in the case of a rectangle chip, it is desirable that a length of one side is 
applied to a chip 500 micrometers or more (a diameter of the outermost 700 micrometers or 
more). Thus, there is **** which it becomes such a big field that a portion which becomes dark, 
without distance's separating from now on and obtaining sufficient current density with a p 
electrode configuration like before if a chip size becomes large cannot be disregarded, and the 
portion appears in the center of an element, and makes a luminescence mode unsuitable. 
Furthermore, in the case of a rectangle chip, a length of one siple is 600 micrometers or more, 
and a length of one side is 700 micrometers or more further still more preferably, and it is 800 
micrometers or more most preferably. 

[0010] Thus, in order to store distance with a point of arbitration on a translucency electrode, p 
plinth electrode, or p auxiliary electrode within the limits of predetermined, on an aspect of 
affairs of 1 of this invention, a configuration which installs p auxiliary electrode from p plinth 
electrode to a part for a center section of a translucency electrode is adopted. When p auxiliary 
electrode exists in a part for a center section of a translucency electrode, distance to all 
corners of p auxiliary electrode and a translucency electrode concerned becomes fixed. By this, 
a fall of a radiant power output in a corner can be prevented. 

[001 1] In an III group nitride system compound semiconductor element equipped with both n 
electrodes and p electrodes of the above-mentioned configuration, when an element is seen 
from a plane, it is desirable that n auxiliary electrode and p auxiliary electrode are arranged 
pectinate. An element is that (light is not emitted in a light emitting device) which does not 
operate, and can arrange a part for the non-right hand side concerned by symmetry thru/or 
regular pattern in an element by arranging these to pectinate in a portion with n auxiliary 
electrode and p auxiliary electrode. Therefore, use of an element becomes easy. In the case of a 
light emitting device, it ejection-comes to be easy of light to the exterior to homogeneity. 
[0012] In an III group nitride system compound semiconductor element equipped with both n 
electrodes and p electrodes of the above-mentioned configuration, when an element is seen 
from a plane, it is desirable that a portion by which n auxiliary electrode and p auxiliary electrode 
are arranged in parallel with mutual is included. An element is that (light is not emitted in a light 
emitting device) which does not operate, and can arrange a part for the non-right hand side 
concerned by symmetry thru/or regular pattern in an element by arranging an parallel portion in 
a portion with n auxiliary electrode and p auxiliary electrode. Therefore, use of an element 
becomes easy. In the case of a light emitting device, it ejection-comes to be easy of light to the 
exterior to homogeneity. 

[0013] If a chip size becomes large, since power consumption by element will become large, 
current impressed to a plinth electrode becomes large. A problem that mold resin will be burned 
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by pyrexia in the bonding wire section as the number of plinth electrodes is one the p and n side 
like before, respectively, or the bonding wire itself will be disconnected with heat may arise. So, 
on other aspects of affairs of this invention, we decided to prepare two or more p plinth 
electrodes and n plinth electrodes, respectively. Thereby, the above-mentioned problem is 
solved. In the case of a rectangle chip, a length of one side of a chip size with desirable 
preparing two or more p plinth electrodes and n plinth electrodes is a thing 500 micrometers or 
more (a diameter of the outermost 700 micrometers or more). Furthermore, a length of one side 
is 600 micrometers or more, and a length of one side is 700 micrometers or more further still 
more preferably, and it is 800 micrometers or more most preferably. 

[0014] When a chip size of a light emitting device is enlarged and the power consumption 
increases, in addition to the above-mentioned technical problem, there is a problem of sticking 
between p plinth electrode and a translucency electrode. Therefore, it is desirable to carry out p 
auxiliary electrode from p plinth electrode. By having p auxiliary electrode, area sufficient 
between p plinth electrode and p auxiliary electrode, and a translucency electrode is obtained, it 
has and generating of printing is prevented. The amount of current (the amount of allowable 
currents) which can be impressed to p plinth electrode will increase by this, and the amount of 
current required in order to make the whole surface of an element emit light can secure enough. 
[0015] Hereafter, about each element which constitutes this invention, an III group nitride 
system compound semiconductor light emitting device is taken for an example, and is explained 
to details, n electrode is formed in n contact layer which etched a semiconductor layer and was 
expressed. Although the quality of the material can be chosen as arbitration if ohmic contact is 
obtained between III group nitride system compound semiconductors of n mold, it is desirable to 
adopt aluminium alloys, such as a vanadium aluminium alloy. Although a configuration of n 
electrode is also arbitrary, in order to store distance from a point of arbitration of p electrode to 
n electrode within fixed limits according to one aspect of affairs of this invention, combination of 
n plinth electrode and n auxiliary electrode installed from now on is suitable, n plinth electrode - 
- one side of an element — it may arrange in the center mostly or you may arrange to a corner 
of an element. As for n auxiliary electrode, it is desirable to have a portion extended from n 
plinth electrode to a part for a center section of an element. 

[0016] n auxiliary electrode is the same material as n plinth electrode, and forming by same 
method (the same mask) is desirable from a standpoint of man day reduction. In this case, n 
auxiliary electrode and n plinth electrode serve as the same thickness, n auxiliary electrode and 
n plinth electrode can also be formed separately. In this case, the quality of the material and 
thickness of n auxiliary electrode can also be changed with it of n plinth electrode. If it has 
sufficient area in order to carry out bonding of the n plinth electrode by method of common 
knowledge of a conductive wire, especially the configuration will not be limited. Since n auxiliary 
electrode is formed in a portion which removed a semiconductor layer, it is desirable to narrow 
the width of face from a standpoint which maximum-izes area of an effective semiconductor 
layer. For width of face of n auxiliary electrode, it is this better ** to be referred to as 1-40 
micrometers. Furthermore, it is 2-30 micrometers preferably, is 3-25 micrometers further still 
more preferably, is 3-20 micrometers further further still more preferably, and is 5-15 
micrometers most preferably. 

[0017] Although especially a formation material of a translucency electrode is not limited, it 
carries out the laminating of the Au layer one by one as Co layer and the 2nd electrode layer as 
the 1st electrode layer from the bottom, for example. A configuration element of the 1st 
electrode layer is an element with ionization potential lower than a configuration element of the 
2nd electrode layer, and it is [ a configuration element of the 2nd electrode layer ] desirable for 
ohmic nature to a semiconductor to consider as an element better than a configuration element 
of the 1st electrode layer. Although heat treatment is performed also to this electrode layer in 
order to form p mold contact layer and an alloy, element distribution of the depth direction turns 
into distribution which a direction of a configuration element of the 2nd electrode layer 
permeated more deeply than a configuration element of the 1st electrode layer from the surface 
of a semiconductor by that heat treatment. That is, element distribution of an electrode layer is 
reverse d to distribution at the time of formation of an electrode layer. After formation of an 
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electrode layer, a direction of a configuration element of the 2nd electrode layer formed in the 
bottom turns down, and a direction of a configuration element of the 1 st electrode layer formed 
in the bottom exists in the bottom. Desirably, a configuration element of the 1st electrode layer 
is a kind of element at least among nickel (nickel), cobalt (Co), iron (Fe), copper (Cu), chromium 
(Cr), a tantalum (Ta), vanadium (V), manganese (Mn), aluminum (aluminum), and silver (Ag), and 
the thickness may be 0.5-1 5nm. Configuration elements of the 2nd electrode layer are at least 
one sort of elements among palladium (Pd), gold (Au), iridium (Ir), and platinum (Pt), and the 
thickness may be 3.5~25nm. Most desirably, a configuration element of the 1st electrode layer is 
Co, and a configuration element of the 2nd electrode layer is Au. In this case, element 
distribution of the surface of a semiconductor to the depth direction turns into distribution which 
Au permeated deeply from Co by heat treatment. 

[0018] Although especially a formation material of p plinth electrode is not limited, either, it 
considers as structure which carries out the laminating of the aluminum layer one by one as Au 
layer and the 3rd metal layer as V layers and the 2nd metal layer as the 1 st metal layer from the 
bottom, for example. Let the 1st metal layer be an element with ionization potential lower than 
the 2nd metal layer so that it can join together as firmly as a layer under it. The 2nd metal layer 
has good bonding nature with aluminum or Au, and it uses it as a translucency electrode and an 
element which does not react. As for the 3rd metal layer, it is desirable to consider as an 
element firmly combinable with a protective coat. Desirably, a configuration element of the 1st 
metal layer is a kind of element at least among nickel (nickel), iron (Fe), copper (Cu), chromium 
(Cr), a tantalum (Ta), vanadium (V), manganese (Mn), and cobalt (Co), and the thickness is 1- 
300nm. Desirably, a configuration element of the 3rd metal layer is a kind of element at least 
among aluminum (aluminum), nickel (nickel), and titanium (Ti), and the thickness is 1-30nm. 
Desirably, a configuration element of the 2nd metal layer is gold (Au), and the thickness is 0.3-3 
micrometers. 

[0019] p auxiliary electrode is the same material as p plinth electrode, and forming by same 
method (the same mask) is desirable from a standpoint of man day reduction. In this case, p 
auxiliary electrode and p plinth electrode serve as the same thickness, p auxiliary electrode and 
p plinth electrode can also be formed separately. In this case, the quality of the material and 
thickness of p auxiliary electrode can also be changed with it of p plinth electrode. If it has 
sufficient area in order to carry out bonding of the p plinth electrode by method of common 
knowledge of a conductive wire, especially the configuration will not be limited. For localization at 
the time of bonding, it is desirable to adopt a different configuration from n plinth electrode as a 
p plinth electrode. Since p auxiliary electrode covers light, it is desirable to narrow the width of 
face. For width of face of p auxiliary electrode, it is this better ** to be referred to as 1-40 
micrometers. Furthermore, it is 2-30 micrometers preferably, is 3-25 micrometers further still 
more preferably, is 3-20 micrometers further further still more preferably, and is 5-15 
micrometers most preferably. It is desirable to prepare irregularity in the perimeter of p plinth 
electrode and/or p auxiliary electrode, and to increase a touch area between translucency 
electrodes. As for a peripheral surface of p plinth electrode, inclining is desirable. It becomes 
possible to form mostly protective coats (Si02 film etc.) formed in the surface of a plinth 
electrode and a translucency electrode as layout thickness also at the taper-like section 
concerned by what a peripheral surface of a plinth electrode is made into the shape of a taper 
for. 

[0020] In order to store distance from a point of arbitration of a translucency electrode to p 
plinth electrode or p auxiliary electrode within fixed limits, combination of p plinth electrode and 
p auxiliary electrode installed from now on is suitable, p plinth electrode — one side of an 
element — it may arrange in the center mostly or you may arrange to a corner of an element. As 
for p auxiliary electrode, it is desirable to form in pectinate to n auxiliary electrode. When an 
element is regarded as pectinate from a plane here, the condition that p auxiliary electrode and n 
auxiliary electrode are arranged alternately is said. Moreover, as for p auxiliary electrode, it is 
desirable to have a portion arranged in parallel to n auxiliary electrode. 

[0021] As for heat treatment for alloying a translucency electrode, p plinth electrode, and p 
auxiliary electrode, it is desirable to carry out into gas containing oxygen. At this time, at least 
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one sort or these mixed gas of 02, 03, CO, C02, NO, N20, N02, or H20 can be used as gas 
containing oxygen. Or mixed gas of mixed gas of mixed gas of at least one sort and inert gas of 
02, 03, CO, C02, NO, N20, N02, or H20 or 02, 03, CO, C02 and NO, N20, N02, or H20 and 
inert gas can be used. Gas which contains oxygen in short means gas of a molecule which has an 
oxygen atom and an oxygen atom. A pressure of an ambient atmosphere at the time of heat 
treatment should just be more than a pressure that a gallium nitride system compound 
semiconductor does not pyrolyze in heat treatment temperature. Gas containing oxygen makes 
all gas a pressure more than decomposition pressure of a gallium nitride system compound 
semiconductor, when it uses in the condition of having mixed with other inert gas what is 
necessary being just to introduce by pressure more than decomposition pressure of a gallium 
nitride system compound semiconductor when only 02 gas is used, and if 02 gas has a 10 to 6 
or more-about rate to all gas, it is enough. In short, gas containing oxygen is enough if ultralow 
volume existence is recognized. In addition, especially a upper limit of the amount of installation 
of gas containing oxygen is not restricted from the property of reduction in p type resistance, 
and electrode alloying. In short, it can be used to a range which can manufacture. About heat 
treatment, it is 500-600 degrees C most desirably, p mold gallium nitride system compound 
semiconductor of low resistance with which resistivity was completely saturated with 
temperature of 500 degrees C or more can be obtained. Moreover, in temperature of 600 
degrees C or less, alloying processing of an electrode can be performed good. Moreover, a 
desirable temperature requirement is 450-650 degrees C. Please refer to JP,9-320984,A and 
JP,10-209493,A about a formation material and heat treatment conditions of p plinth electrode, 
p auxiliary electrode, and a translucency electrode. 

[0022] In this specification, an HI group nitride system compound semiconductor is expressed 
with AIXGaYIn1-X-YN (0<=X<=1, 0<=Y<=1, 0 <=X+Y<=1) as a general formula, and includes the 
so-called 3 yuan system of the so-called 2 yuan system of AIN, GaN, and InN, AlxGa1-xN, 
AlxIn1-xN, and GaxIn1-xN (it sets above and is 0< x<1). Boron,(B), a thallium (Tl), etc. may 
replace some III group elements, and Lynn (P), an arsenic (As), antimony (Sb), a bismuth (Bi), etc. 
can replace some nitrogen (N). An III group nitride system compound semiconductor layer may 
contain a dopant of arbitration. Si, germanium, Se, Te, G, etc. can be used as an n mold impurity. 
As a p mold impurity, Mg, Zn, Be, calcium, Sr, Ba, etc. can be used. In addition, after doping p 
mold impurity, it is also possible to expose an III group nitride system compound semiconductor 
to electron beam irradiation, a plasma exposure, or heating at a furnace. Although especially a 
formation method of an III group nitride system compound semiconductor layer is not limited, it 
can be formed by a molecular-beam crystal growth method (MBE law) of common knowledge 
besides metal-organic chemical vapor deposition (MOCVD law), halide vapor growth (HVPE law), 
spatter, the ion plating method, a cascade shower method, etc. Electron devices, such as a 
microwave element, can be mentioned to an III group nitride system compound semiconductor 
element here at unipolar element lists, such as bipolar elements, such as a rectifier besides light 
corpuscle children, such as light emitting diode, light-receiving diode, a laser diode, and a solar 
battery, a thyristor, and a transistor, and FET. Moreover, this invention is applied also to a 
layered product as intermediate field of these elements. In addition, as a configuration of a light 
emitting device, a thing of terrorism structure can be used to gay structure, hetero structure, or 
double with MIS cementation, and PIN junction and pn junction. Quantum well structure (single 
quantum well structure or multiplex quantum well structure) is also employable as a luminous 
layer. 
[0023] 

[Example] Hereafter, the example of this invention is explained. An example is light emitting 
diode 10 and shows the configuration to drawing 1 . In addition, drawing 1 is drawing for 
explaining the configuration of a layer, and reflects correctly neither the thickness of each class, 
nor the proportion of width of face. 
[0024] 

Layer : Presentation: Dopant (thickness) 

Protective coat 14 : Si02 (0.3 micrometers) Translucency electrode 6 : Au(6nm)/Co(1 .5nm) p 
mold cladding layer 5 : p-GaN:Mg (0.3 micrometers) 
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Luminous layer 4 : Superstructure Quantum well layer : InO.15GaO.85N (3.5nm) Barrier layer : 
GaN (3.5nm) 

The number of repeats of a quantum-well layer and a barrier layer: 1-1 On mold cladding layer 3 : 
n-GaN:Si (4 micrometers) 
AIN buffer layer 2 : AIN (60nm) 

Substrate 1 : Sapphire (a-th page) (300 micrometers) 

[0025] n mold cladding layer 3 can be made into the two-layer structure which consists of a low 
concentration-of-electrons n-layer by the side of a luminous layer 4, and a high concentration- 
of-electrons n+ layer by the side of a buffer layer 2. The latter is called n mold contact layer. A 
luminous layer 4 is not limited to the thing of a superstructure. As a configuration of a light 
emitting device, a terrorism mold can be used to a single and the thing of a terrorism mold and a 
gay assembling die etc. can be used to double. The large III group nitride system compound 
semiconductor layer of the band gap which doped acceptors, such as magnesium, can also be 
made to intervene between a luminous layer 4 and p mold cladding layer 5. This is for preventing 
that the electron poured in into the luminous layer 4 is spread in p mold cladding layer 5. p mold 
cladding layer 5 can be made into the two-layer structure which consists of a low hole 
concentration p-layer by the side of a luminous layer 4, and a high hole concentration p+ layer 
by the side of an electrode. The latter is called p mold contact layer. In the light emitting diode 
of the above-mentioned configuration, each III group nitride system compound semiconductor 
layer performs and forms MOCVD on general conditions. 

[0026] Next, a mask is formed, reactive ion etching removes a part of p mold cladding layer 5, 
barrier layer 4, and n mold cladding layer 3, and n electrode forming face 1 1 which should form 
the n electrode 9 is made to express. 

[0027] All over a wafer, the laminating of Co layer (1.5nm) and the Au layer (60nm) is carried out 
one by one with vacuum evaporationo equipment. Next, a photoresist is applied uniformly, by the 
photolithography, a photoresist is removed from n electrode forming face 1 1 and its perimeter in 
the portion (path clearance field 13) of about 10-micrometer width of face, etching removes the 
translucency electrode formation material of the portion, and a semiconductor layer is exposed. 
Then, a photoresist is removed. Next, by the lift-off method, the sequential vacuum evaporationo 
laminating of V layers (17.5nm), Au layer (1.5 micrometers), and the aluminum layer (10nm) is 
carried out, and it considers as p plinth electrode 7 and the p auxiliary electrode 7 (p electrode 
7). The n electrode 9 which consists of vanadium and aluminum is similarly formed by the lift-off 
method. 

[0028] The sample obtained as mentioned above is paid to a heating furnace, the inside of a 
furnace is exhausted to 1Pa or less, and 02 is supplied to about tenPa after that, and the 
condition — the temperature of a furnace — 550 degrees C — setting up — a 4-minute about 
room — it heat-treats. Thereby, while each material is alloyed, the translucency electrode 6, p 
plinth electrode, and p auxiliary electrode combine both, and it becomes p electrode. According 
to examination of this invention persons, in directly under [ of p plinth electrode and p auxiliary 
electrode ], current is hardly poured in to p mold cladding layer. Since population inversion which 
was mentioned above in the Au/Co vacuum evaporationo layer which constitutes a translucency 
electrode in directly under [ of p plinth electrode and p auxiliary electrode ] does not arise, this 
is expected to be because for contact resistance to be comparatively high. Therefore, the 
interface of the peripheral surface of p plinth electrode and p auxiliary electrode and the 
translucency electrode 6 turns into both effective electrical installation side. That is, from the 
peripheral surface of p plinth electrode and p auxiliary electrode, the current impressed to p 
plinth electrode flows to a translucency electrode, is diffused on the whole surface here, and is 
poured in equally on the whole surface of a p type semiconductor layer, the field list which gives 
wire bonding on p plinth electrode etc. — except for n electrode upper surface and its periphery 
section — almost — the whole surface — applying — insulation — and the protective coats 1 4 
of translucency (silicon oxide, silicon nitride, titanium oxide, aluminum oxide, etc.) are covered. A 
spatter or a CVD method is employable as the formation method of a protective coat 14. 
[0029] Thus, an example of the electrode disposition of the obtained light emitting device 10 was 
shown in drawin g 2 - drawing 1 1 . In drawin g 2 , in a sign 16, a translucency electrode and a sign 
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17 show p plinth electrode, and a sign 18 shows p auxiliary electrode. The p auxiliary electrode 

18 is formed in one with p plinth electrode 17. p plinth electrode 17 is arranged in the center of 
the side of 1, and the p auxiliary electrode 18 is a upward easy configuration centering on this p 
plinth electrode 17. A sign 15 is sacrifice Rhine of a protective coat, the side where, as for n 
plinth electrode 19, p plinth electrode 17 counters — it is mostly formed in the center. The n 
auxiliary electrode 20 is formed in one with n plinth electrode 19. The n auxiliary electrode 20 is 
a downward KO typeface-like centering on n plinth electrode, and the n auxiliary electrode 20 is 
arranged in parallel with the p auxiliary electrode 18 pectinate. It is the substrate material side 
which expressed the sign 21 to n electrode forming face, and expressed the sign 22 for dicing. In 
drawing 7 , the slash has shown the protective coat 24. This element is a square whose length of 
one side is 1000 micrometers. 

[0030] The example of electrode disposition of other light emitting devices 23 was shown in 
dr awi ng 12 - drawng_20 . In drawing 12 , in a sign 26, a translucency electrode and a sign 27 
show p plinth electrode, and a sign 28 shows p auxiliary electrode. The p auxiliary electrode 28 is 
formed in one with p plinth electrode 27. p plinth electrode 27 is arranged in the center of the 
side of 1 , and the p auxiliary electrode 28 is a upward KO typeface-like centering on this p plinth 
electrode 27. A sign 25 is sacrifice Rhine of a protective coat, the side where, as for n plinth 
electrode 29, p plinth electrode 27 counters — it is mostly formed in the center. The n auxiliary 
electrode 30 is formed in one with n plinth electrode 29. The n auxiliary electrode 30 has 
extended towards p plinth electrode 27 from n plinth electrode. It is the substrate material side 
which expressed the sign 31 to n electrode forming face, and expressed the sign 32 for dicing. In 
drawing 1 7 , the slash has shown the protective coat 34. This element is a square whose length 
of one side is 600 micrometers. 

[0031] The example of electrode disposition of other light emitting devices 33 was shown in 
drawing 21 - drawing 30 . In drawing 21 , in a sign 36, a translucency electrode and a sign 37 
show p plinth electrode, and a sign 38 shows p auxiliary electrode. The p auxiliary electrode 38 is 
formed in one with p plinth electrode 37. p plinth electrode 37 is arranged to the both ends of 
the side of 1, respectively, and the p auxiliary electrode 28 is a upward easy configuration. A sign 
35 is sacrifice Rhine of a protective coat, n plinth electrode 39 is formed in the side where p 
plinth electrode 37 counters. The n auxiliary electrode 40 is formed in one with n plinth electrode 
39. The n auxiliary electrode 40 is a downward KO typeface-like, and n plinth electrode 39 is 
arranged at the root portion of the n auxiliary electrode 40. The n auxiliary electrode 40 is 
arranged in parallel with the p auxiliary electrode 38 pectinate. It is the substrate material side 
which expressed the sign 41 to n electrode forming face, and expressed the sign 42 for dicing. In 
drayying 26 , the slash has shown the protective coat 34. This element is a square whose length 
of one side is 1000 micrometers. 

[0032] The example of electrode disposition of other light emitting devices 43 was shown in 
drawing 31 . In drawing 31 , in a sign 46, a translucency electrode and a sign 47. show p plinth 
electrode, and a sign 48 shows p auxiliary electrode. The p auxiliary electrode 48 is formed in 
one with p plinth electrode 47. p plinth electrode 47 is arranged at the corner which counters, 
and from the p plinth each electrodes 47 and 47, the p auxiliary electrode 48 meets the surface 
and the left-hand side side of the element in drawing, and is formed. A sign 45 is sacrifice Rhine 
of a protective coat, n plinth electrode 49 is formed in one corner of an element. The n auxiliary 
electrode 50 is formed in one with n plinth electrode 49. The n auxiliary electrode 50 was formed 
towards a part for the center section of an element from n plinth electrode 49, and is extended 
to near the corner which counters. It is the substrate material side which expressed the sign 51 
to n electrode forming face, and expressed the sign 52 for dicing. This element is a square whose 
length of one side is 800 micrometers. 

[0033] The deformation mode of drawing 31 was shown in drawing 32 . With the element 43-1 of 
drawing 32 , a branch 50-2 and 50-3 are formed in the n auxiliary electrode 50-1. Each branch 
50-2 " a nd 50-3 are extended towards p plinth electrodes 47 and 47, respectively. In drawing 32 , 
the same sign is given to the same element as drawing 31 , and the explanation is omitted. 
[0034] The example of electrode disposition of other light emitting devices 53 was shown in 
drawing 33 . In drawing 33 , in a sign 56, a translucency electrode and a sign 57 show p plinth 
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electrode, and a sign 58 shows p auxiliary electrode. The p auxiliary electrode 58 is formed in 
one with p plinth electrode 57. p plinth electrode 57 is arranged at the corner which counters, 
and from the p plinth each electrodes 47 and 47, the p auxiliary electrode 58 meets the surface 
and the lower side of the element in drawing, and is formed. A sign 55 is sacrifice Rhine of a 
protective coat, n plinth electrode 59 is formed in a part for the center section of an element. 
The n auxiliary electrode 60 is formed in one with n plinth electrode 59. The n auxiliary electrode 
60 was formed in parallel with the p auxiliary electrode 58 from n plinth electrode 59, and is 
extended to near the edge of an element. It is the substrate material side which expressed the 
sign 61 to n electrode forming face, and expressed the sign 62 for dicing. This element is a 
square whose length of one side is 800 micrometers. 

[0035] The example of electrode disposition of other light emitting devices 63 was shown in 
drawing 34 . In drawing 34 , a sign 66 shows a translucency electrode and a sign 67 shows p 
plinth electrode, p auxiliary electrode is omitted in this example, p plinth electrode 67 is arranged 
at the corner which counters. A sign 55 is sacrifice Rhine of a protective coat, n plinth electrode 
69 is formed in a part for the center section of an element. The n auxiliary electrode 70 is 
formed in one with n plinth electrode 69. The n auxiliary electrode 70 is extended towards the 
corner of an element without n plinth electrode 69 to p plinth electrode. It is the substrate 
material side which expressed the sign 71 to n electrode forming face, and expressed the sign 72 
for dicing. This element is a square whose length of one side is 800 micrometers. 
[0036] Other examples of electrode disposition of a light emitting device are shown in drawing. 35 
- drawing 52 , In these examples of drawing, only p electrode and n electrode (the slash has 
shown) are shown for the simplification of explanation, also in the example of drawing of drawing 
35 - drawing 52 , the example of drawing before drawing 34 explained — as — a translucency 
electrode — a p type semiconductor layer — it is mostly stuck on the whole surface and p 
electrode is formed on the translucency electrode concerned. Illustration of n electrode forming 
face or a protective coat is omitted, and these as well as a former example are formed. 
Moreover, in the following explanation, the physical relationship (four directions) of an element is 
specified [ sake / only / on the convenience of explanation ] on the basis of a drawing. A length 
of one side of the light emitting device of these examples is also 500 micrometers or more. 
[0037] In the example of drawing 35 , it is formed in the corner which the element of p plinth 
electrodes 81 and 81 suits, and counters, and it meets the side side from these p plinth 
electrodes 81 and 81, respectively, and the p auxiliary electrodes 82 and 82 are formed, n plinth 
electrodes 85 and 85 are formed in the remaining corners in an element which suit and counter, 
and the n auxiliary electrodes 86 and 86 are formed along the surface and the lower side from 
these n plinth electrodes 85 and 85. 

[0038] In the example of draMng„36', P plinth electrode 91 is formed in one corner of an element, 
and the 1st p auxiliary electrode 92 which met the left part and the lower side of an element 
from this p plinth electrode 91, and the 2nd p auxiliary electrode 93 in alignment with the surface 
are formed, n plinth electrode 95 — the right-hand side — it is mostly arranged in the center 
and the n auxiliary electrode 96 is installed from there to a part for the center section of an 
element. 

[0039] In the example of drawing 37 , p plinth electrodes 101 and 101 are formed in two corners 
on an element, and the p auxiliary electrodes 102 and 102 which bent in the shape of **** from 
the p plinth each electrodes 101 and 101 are installed, n plinth electrode 105 was formed in two 
lower corners, there was along the side on either side from n plinth each electrodes 105, and the 
1st auxiliary electrode 106 and 106 has severed and gone up it. The 2nd auxiliary electrode 107 
is a reverse T typeface, and has reached from the lower side to the surface through the center 
of an element. The portion which leaves and goes up from the center of the lower side becomes 
parallel to the p auxiliary electrodes 102 and 102. 

[0040] In the example of drawing 33 t p plinth electrode 1 1 1 was formed in the center section of 
the element, and the p auxiliary electrodes 1 1 2 and 1 1 2 are extended on the diagonal line of 1 
after this, n plinth electrodes 115 and 1 15 are formed in the corner which an element suits and 
counters. The n auxiliary electrodes 116 and 1 1 6 are met and formed around the element so that 
these two n plinth electrodes 1 15 and 115 may be connected. 
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[0041] In the example of dra wing 39 , p plinth electrode 121 was formed a little in the Chuo 
bottom of left part, and, as for lower, the 1st p auxiliary electrode 122 is prolonged the lower 
side along with left part after this. The 2nd p auxiliary electrode 123 is prolonged having used the 
angle of nip to the lower side as about 30 degrees from the lower left corner, n plinth electrode 

125 was formed a little in the Chuo bottom of the right-hand side, the 1st n auxiliary electrode 

126 left along with the right-hand side after this, and it has extended in the stage fright surface. 
The 2nd p auxiliary electrode 127 is prolonged having used the angle of nip to the surface as 
about 30 degrees from the upper right corner. 

[0042] In the example of drawing 40 , p plinth electrode 131 was formed in the center of 
abbreviation of left part, the 1st p auxiliary electrode 132 left along with left part after this, and it 
has extended in the riser surface. The 2nd p auxiliary electrode 133 is prolonged a little at the 
right angle towards the bottom from right-hand side from the center of the surface, n plinth 
electrode 135 was formed in the center of abbreviation of the right-hand side, and from now on, 
the 1st n auxiliary electrode 136 met the right-hand side, and it fell, and has extended the lower 
side. The 2nd n auxiliary electrode 137 is prolonged a little at the right angle towards the top 
from left-hand side from the center of the lower side. 

[0043] In the example of drawing 41 , p plinth electrode 141 was formed in the lower left angle, 
and the 1 st p auxiliary electrode 142 is prolonged on the diagonal line after this. In a part for the 
center section of an element, the 2nd p auxiliary electrode 143 and 143 is perpendicularly 
prolonged from the 1st p auxiliary electrode 142. n plinth electrode 145 was formed in the upper 
right corner of an element, and the 1st n auxiliary electrode 146 and 146 is prolonged in the 
surface and the right-hand side after this. 

[0044] p plinth electrode 151 forms in the lower left corner of an element in the example of 
drawing 42 — having — future — the 1st p auxiliary electrode 152 — left part — meeting — 
leaving — a riser and also the surface — meeting — being extended — Chuo of the surface — 
it has extended below at the right angle from the S twist a little, n plinth electrode 155 is formed 
in the upper right corner of an element — having — future — the 1st n auxiliary electrode 156 - 

- the right-hand side — meeting — falling — further — the lower side — meeting — extending 

— lower side Chuo — it has extended upwards at the right angle from the Z twist a little. 
[0045] In the example of drawing 43 , p plinth electrode 161 was formed in the upper left hand 
corner of an element, and the 1st p auxiliary electrode 162 is prolonged throughout the surface, 
the right-hand side, and left part after this, n plinth electrode 165 — an element — it was 
mostly formed in the center and the 1st n auxiliary electrode 166,166,166,166 is prolonged on 
the diagonal line after this. 

[0046] In the example of drawing 44 , p plinth electrode 171 was formed in the upper left hand 
corner of an element, and the 1st p auxiliary electrode 172,172 is prolonged in each of the 
surface and left part after this, n plinth electrode 175 was formed in the lower right angle of an 
element, the 1st n auxiliary electrode 176 and 176 was prolonged the right-hand side and the 
lower side after this, and the 2nd n auxiliary electrode 177 is further prolonged on the diagonal 
line. 

[0047] In the example of drawing 45 , p plinth electrodes 181 and 181 were formed in the lower 
left angle and upper right corner of an element, and the 1st p auxiliary electrode 182, 182, 182, 
and 182 is prolonged along each side from the p plinth each electrodes 181 and 181. n plinth 
electrode 185,185 is formed in the lower right angle and the upper left hand corner of an 
element, and the 1st n auxiliary electrode 186 is formed so that these may be connected. 
[0048] In the example of drawing 46 , p plinth electrodes 191 and 191 are formed in surface both 
ends, the surface is met and the 1st p auxiliary electrode 192 is formed so that these may be 
connected. It turns caudad from the center of the 1st p auxiliary electrode 192, and the 2nd p 
auxiliary electrode 193 is installed by the right angle, n plinth electrode 195,195 is formed in the 
both ends of the lower side. The 1st n auxiliary electrode 196,196 has met, left and gone up from 
n plinth each electrodes 195,195 to right-and-left both sides. 

[0049] In the example of drawing 47 , p plinth electrode 201 is formed in the upper left hand 
corner of an element, and 1 st p auxiliary electrode is formed throughout the periphery after this, 
n plinth electrode 205 — an element — it is mostly formed in the center. 
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[0050] p plinth electrode 21 1,21 1 is formed in the lower left angle and upper right corner of an 
element in the example of drawing 4 8 . The 1st p auxiliary electrode 212, 212, 212, and 212 is 
prolonged along each side from p plinth each electrodes 211,211. As for n plinth electrode 215, 
the 1st n auxiliary electrode 216,216 is installed in the direction of the diagonal line of an 
element which is mostly formed in the center and does not have p plinth electrode after this. 
[0051] In the example of drawing 49 , p plinth electrode 221 was formed in the upper left hand 
corner of an element, the 1st p auxiliary electrode 222 was prolonged along with left part after 
this, and the surface is met and it is extended, and a little, from right-hand side, the 2nd p 
auxiliary electrode 223 went caudad, and is perpendicularly prolonged from the center of the 
surface. It was formed in the lower right angle of an element, and the 1 st n auxiliary electrode 
226 was prolonged along with the right-hand side after this, the 2nd n auxiliary electrode 227 
was prolonged along the lower side, and n plinth electrode 225 is prolonged a little at the right 
angle toward the upper part from left-hand side from the center of the lower side. 
[0052] the example of drawing 50 — p plinth electrode 231 — the lower side — it was mostly 
formed in the center, the 1st p auxiliary electrode 232 met the lower side after this, mileage and 
also the right-hand side were met to right-hand side, and it has extended to the up side. 
Moreover, the 2nd p auxiliary electrode 233 was prolonged on left-hand side for a while from p 
plinth electrode 231, and is further prolonged at the right angle upwards from there, n plinth 
electrode 235 — the lower side — it was mostly formed in the center, the 1st n auxiliary 
electrode 236 met the surface after this, mileage and also left part were met to left-hand side, 
and it has extended to the down side. Moreover, the 2nd n auxiliary electrode 237 was prolonged 
on right-hand side for a while from n plinth electrode 235, and is further prolonged from there at 
the right angle to the lower part. 

[0053] The element of the example of drawing 51 is a plane view rectangle. From the center of 
the lower side, it was formed a little in left-hand side, the 1st p auxiliary electrode 242 met the 
lower side after this, and p plinth electrode 241 met mileage arjd also the right-hand side to 
right-hand side, and is prolonged to the up side. Moreover, the 2nd p auxiliary electrode 243 was 
prolonged on left-hand side for a while from p plinth electrode 241, and is further prolonged at 
the right angle upwards from there. From the center of the surface, it was formed a little in 
right-hand side, the 1st n auxiliary electrode 246 met the surface after this, and n plinth 
electrode 245 met mileage and also left part to left-hand side, and is prolonged to the down side. 
The 2nd n auxiliary electrode 247 is prolonged from the 1st auxiliary electrode 246 at the right 
angle to the lower part. The 3rd n auxiliary electrode 248 is extended a little on right-hand side 
in n plinth electrode 245, and is further installed by the right angle below. 

[0054] p plinth electrode 251 is formed in the lower right angle of an element, and in the example 
of drayying 52 , the 1st p auxiliary electrode 252 and 252 is prolonged for a while along the right- 
hand side and the lower side, and it is further installed in the diagonal line and parallel in it after 
this at the upper left side, n plinth electrode 255 is formed in the upper left hand corner of an 
element, and the 1st n auxiliary electrode 256 and 256 is formed along with the surface and left 
part after this. Moreover, the 2nd n auxiliary electrode 257 is prolonged on the diagonal line from 
n plinth electrode 255, and is arranged in parallel p auxiliary electrode and pectinate. 
[0055] The example of electrode disposition of other light emitting devices 303 was shown in 
drayying.„53 . In drawing 53 , in a sign 306, a translucency electrode and a sign 307 show p plinth 
electrode, and a sign 308 shows p auxiliary electrode. The p auxiliary electrode 308 is formed in 
one with p plinth electrode 307. p plinth electrode 307 — the bottom side of illustration — it is 
mostly arranged in the center, and from the both sides of p plinth electrode 307, the p auxiliary 
electrode 308 meets the lower side, and is formed, n plinth electrode 309 — the surface — it is 
mostly formed in the center and the n auxiliary electrode 310 is formed in one with n plinth 
electrode 309. The n auxiliary electrode 310 was formed in the shape of a C typeface towards a 
part for the center section of an element from n plinth electrode 309, and the opening has 
countered p plinth electrode 307. It is the substrate material side which expressed the sign 311 
to n electrode forming face, and expressed the sign 312 for dicing. This element is a square 
whose length of one side is 1000 micrometers. 

[0056] The deformation mode of drawing 53 was shown in drawing 54 . With the element 303-1 
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of dra wing 54 , the n auxiliary electrode 320 of the shape of a C typeface crushed compared with 
the thing of drayying 53 is adopted. A sign 321 is n electrode forming face. In drawing 54 , the 
same sign is given to the same element as drawing 53 , and the explanation is omitted. 
[0057] The example of electrode disposition of other light emitting devices 323 was shown in 
drawing 55 . In dra win g 55 , the same sign is given to the same element as irawjng.,53 , and the 
explanation is omitted. In this light emitting device 323, the 2nd p auxiliary electrode 325 is 
mostly arranged in the center, and the 3rd and 4th auxiliary electrodes 326 and 327 are formed 
in the 1st auxiliary electrode 308 and the corner which counters. The auxiliary electrodes 325, 
326, and 327 of the 2nd, and 3 and 3 are separated from p plinth electrode 307. The potential of 
the auxiliary electrodes 325, 326, and 327 of the 2nd, and 3 and 4 is prescribed by the potential 
of the portion nearest to p plinth electrode 307 and the 1st p auxiliary electrode 308 in each, and 
each serves as the same potential in the whole region. Therefore, the same potential region 
which the 2nd p auxiliary electrode 325 gives substantially to the equal distance to the inside of 
the C typeface-like n auxiliary electrode 310 will exist, and the current distribution within the n 
auxiliary electrode 310 becomes homogeneity more, moreover — if the 3rd and 4th p auxiliary 
electrodes 326 and 327 are seen — p plinth electrode 307- the opposite side (it is the surface in 
drawing) used as the most distant location from the 1st p auxiliary electrode 308 — receiving — 
every — the potential of the lower limit (part nearest to the 1st p auxiliary electrode 308) of the 
3rd and 4th p auxiliary electrodes 326 and 327 will be given. Therefore, the current distribution in 
the surface concerned is improvable. This element is a square whose length of one side is 1000 
micrometers. 

[0058] The example of electrode disposition of other light emitting devices 333 was shown in 
drawing 56 . In drawing 56 , the same sign is given to the same element as drawing 53 , and the 
explanation is omitted. In this light emitting device 333, 2nd p plinth electrode 336 and 3rd p 
plinth electrode 337 are formed in Morozumi of the surface (1st p plinth electrode 307 and side 
which counters), respectively. If die' bond is performed to the 2nd and 3rd p plinth electrodes 336 
and 337 concerned, the potential of p plinth electrodes 307, 336, and 337 of the 1st, 2nd, and 3rd 
** will become equal. 333 [ therefore, ] of a light emitting device — it will cross to the whole 
surface mostly and equal current density will be obtained. This element is a square whose length 
of one side is 1000 micrometers. 

[0059] The example of electrode disposition of other light emitting devices 343 was shown in 
drawing 57 . In drawing 57 , a translucency electrode and a sign 347 show 1st p plinth electrode, 
signs 348 and 349 show p auxiliary electrode, and the sign 346 is formed for these in one. 1st p 
plinth electrode 347 was formed in the angle of 1 of a light emitting device 343, and the p 
auxiliary electrode 348 is extended to the location of the abbreviation 2/3 along the lower side. 
The p auxiliary electrode 349 is extended to the location of the abbreviation 2/3 along with the 
right-hand side. 2nd p plinth electrode 357 is formed in 1st p **** electrode 347 and the corner 
which counters, and p auxiliary electrode forms in [ 358 ] one after this — having — the surface 

— meeting — about [ the ] — it is extended to two thirds of locations, furthermore from 2nd p 
plinth electrode 357, the p auxiliary electrode 359 forms in one — having — left part — meeting 

— about [ the ] — it is extended to two thirds of locations, n plinth electrode 349 is mostly 
formed in the center. It is the substrate material side which expressed the sign 351 to n 
electrode forming face, and expressed the sign 352 for dicing. 

[0060] The example of electrode disposition of other light emitting devices 363 was shown in 
drawing 58 . In dr aw ing 5 7 , the same sign is given to the same element as dra w ing 56 , and the 
explanation is omitted. A sign 367 shows 1st p plinth electrode, a sign 368 shows p auxiliary 
electrode, and these are formed in one. 1st p plinth electrode 367 is formed in the angle of 1 of a 
light emitting device 363 — having — the p auxiliary electrode 368 — from the lower side up to 
left part — being extended — the — it has reached to the half location mostly, the 2nd is 
formed in 1st p **** electrode 367 and the corner which counters p plinth electrode 377, and p 
auxiliary electrode forms in [ 378 ] one after this — having — from the surface up to the right- 
hand side — being extended — the — it has reached to the half location mostly. 
[0061] This invention is not limited to explanation of the gestalt of implementation of the above- 
mentioned invention, and an example at all. It does not deviate from the publication of a claim 
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but deformation modes various in the range this contractor can hit on an idea of easily are also 
contained in this invention. 

[0062] Hereafter, the following matter is indicated. 

1 1 The III group nitride system compound semiconductor element characterized by what n 
auxiliary electrode is extended for from n plinth electrode to a part for the center section of this 
element when an element is seen from a plane. 

12 Said element is an III group nitride system compound semiconductor element given in 1 1 
characterized by what it is a rectangle when it sees from a plane, and the length of the side of 1 
is 500 micrometers or more. 

13 Said element is an III group nitride system compound semiconductor element given in 1 1 
characterized by what it has for p electrode which comes to have p auxiliary electrode extended 
from the translucency electrode, and p plinth electrode and these p plinth electrodes, or 12. 

14 An III group nitride system compound semiconductor element given in 13 characterized by 
what is been in within the limits whose distance with the point of the arbitration of said 
translucency electrode, said p plinth electrode, or p auxiliary electrode is 0-1000 micrometers. 

15 13 to which said n auxiliary electrode and said p auxiliary electrode are characterized by what 
is arranged pectinate, or an III group nitride system compound semiconductor given in 14. 

16 Said n auxiliary electrode and said p auxiliary electrode are an III group nitride system 
compound semiconductor element given in either of 13-15 which are characterized by what the 
portion arranged in parallel with mutual is included for. 

17 An III group nitride system compound semiconductor element given in either of 13-16 which 
are characterized by what two or more arrangement of said n plinth electrode is carried out, and 
is done for two or more arrangement of said p plinth electrode. 

18 An III group nitride system compound semiconductor element given in either of 11-17 which 
are characterized by what it has light emitting device structure or photo detector structure for. 

21 The III group nitride system compound semiconductor element characterized by what is been 
in within the limits whose distance with the point of the arbitration of a translucency electrode, p 
plinth electrode, or p auxiliary electrode is 0-1000 micrometers. 

22 Said element is an III group nitride system compound semiconductor element given in 21 
characterized by what it is a rectangle when it sees from a plane, and the length of the side of 1 
is 500 micrometers or more. 

23 An III group nitride system compound semiconductor given in either [ to which said n auxiliary 
electrode and said p auxiliary electrode are characterized by what is arranged pectinate ] 21 or 
22. 

24 Said n auxiliary electrode and said p auxiliary electrode are an III group nitride system 
compound semiconductor element given in either of 21-23 which are characterized by what the 
portion arranged in parallel with mutual is included for. 

25 An III group nitride system compound semiconductor element given in either of 21-24 which 
are characterized by what two or more arrangement of said n plinth electrode is carried out, and 
is done for two or more arrangement of said p plinth electrode. 

26 An III group nitride system compound semiconductor element given in either of 21-25 which 
are characterized by what it has light emitting device structure or photo detector structure for. 

31 The III group nitride system compound semiconductor with which said n auxiliary electrode 
and said p auxiliary electrode are characterized by what is arranged pectinate when it comes to 
have n electrode which has n plinth electrode and n auxiliary electrode, a translucency electrode, 
and p electrode which has p plinth electrode and p auxiliary electrode and an element is seen 
from a plane. 

32 Said element is an III group nitride system compound semiconductor element given in 31 
characterized by what it is a rectangle when it sees from a plane, and the length of the side of 1 
is 500 micrometers or more. 

33 31 characterized by what two or more arrangement of said n plinth electrode is carried out, 
and is done for two or more arrangement of said p plinth electrode, or an III group nitride system 
compound semiconductor element given in 32. 

34 An III group nitride system compound semiconductor element given in either of 31-33 which 
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are characterized by what it has light emitting device structure or photo detector structure for. 

41 It is the III group nitride system compound semiconductor characterized by what the portion 
by which said n auxiliary electrode and said p auxiliary electrode are arranged in parallel with 
mutual when it comes to have n electrode which has n plinth electrode and n auxiliary electrode, 
a translucency electrode, and p electrode which has p plinth electrode and p auxiliary electrode 
and an element is seen from a plane is included for. 

42 Said element is an III group nitride system compound semiconductor element given in 41 
characterized by what it is a rectangle when it sees from a plane, and the length of the side of 1 
is 500 micrometers or more. 

43 41 characterized by what two or more arrangement of said n plinth electrode is carried out, 
and is done for two or more arrangement of said p plinth electrode, or an III group nitride system 
compound semiconductor element given in 42. 

44 An III group nitride system compound semiconductor element given in either of 41-43 which 
are characterized by what it has light emitting device structure or photo detector structure for. 

51 Said element is an III group nitride system compound semiconductor element which it is a 
rectangle and the length of the side of 1 is 500 micrometers or more when it sees from a plane, 
and is characterized by what it has two or more n plinth electrodes and two or more p plinth 
electrodes for. 

52 It is an III group nitride system compound semiconductor element given in 51 characterized 
by what two n plinth electrodes are arranged in the 1st side, two p plinth electrodes are arranged 
in the 2nd side which counters this 1 st side, n auxiliary electrode is extended from said n plinth 
electrode, and p auxiliary electrode is extended for from said p plinth electrode. 

53 51 characterized by what it has light emitting device structure or photo detector structure 
for, or an III group nitride system compound semiconductor element given in 52. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drayying 1 explains the lamination of the light emitting device of the example of this 
invention. 

[Dravying 2] Drawing 2 is the plan showing the example of electrode disposition of the light 
emitting device of an example. 
[Drawing 3] Drawing 3 is this front view. 
[Drawing 4] Drawing 4 is this rear view. 

[Drawing 5] Drawing 5 is this left-hand side (right-hand side) side elevation. 
[Dra win g 6] Drawing 6 is this bottom plan view. 

[Drawing 7] Drawing 7 is planes-of-reference drawing showing a transparent portion (transparent 
electrode). 

[Dra win g 8] Dra wi ng 8 is an A-A line expansion part abbreviation cross section in dra wing 2 . 

[ Drawing 9] Drawin g 9 is a B-B line expansion part abbreviation cross section in drawing 2 . 

[Ql^MDKI^I Drawing 10 is a C-C line expanded sectional view in d rawing 2 . 

[Drawing Tl] Dr awing 1 1 is D-D line expanded sectional view in drawing 2 . 

[Draw ing 12] Drawing 12 is the plan showing the example of electrode disposition of the light 

emitting device of other examples. 

[Drawing 13] Drawing 13 is this front view. 

[Drawing 14] DravvinftJL4 is this rear view. 

[Drawing 15] Drawing^ is this left-hand side (right-hand side) side elevation. 
[Drawing 16] Drawing 16 is this bottom plan view. 

[ Drawing 17 ] Drawing 1 7 is planes-of-reference drawing showing a transparent portion 
(transparent electrode). 

[Drawin g 18] Drawing 18 is an A-A line expansion part abbreviation cross section in drawing 12 . 

[Drawing 19] Drawing 19 is a B-B line expansion part abbreviation cross section in drawi ng 1 2 . 

[Drayying 20] Prayy[ng„20 is a C-C line expanded sectional view in drawing 12 . 

[Drayying 21] Drawing 21 is the plan showing the example of electrode disposition of the light 

emitting device of other examples. 

[Drawing 22] Drawing 22 is this front view. 

[Drawing 23] Drawing 23 is this rear view. 

[ Drawing 24] Drawin g 24 is this left-hand side (right-hand side) side elevation. 
[ Drawing 25] Drawin g 25 is this bottom plan view. 

[Drayying 26] Drawing 26 is planes-of-reference drawing showing a transparent portion 
(transparent electrode). 

[Drayying 27] Dr awing 27 is an A-A line expansion part abbreviation cross section in draw[ng_21. . 

[Drayying 28] Drawing 28 is a B-B line expansion part abbreviation cross section in drayying 21 . 

[Drawing 29] Drawing 29 is a C-C line expanded sectional view in drawing 21 . 

[ Drawing 30] Drawing 30 is D-D line expanded sectional view in drawing 21 . 

[Drawing 31] Drawing 31 is the plan showing the example of electrode disposition of the light 

emitting device of other examples. 

[Drawing 32] Dr awin g 32 is the plan showing the example of electrode disposition of the light 
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emitting device of other examples. 

[Qravyjng 33] Drayying 33 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 34] Drawing 34 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 35] Drawing 35 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 36] Drawing 36 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 37] D raw ing 37 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[D^ydjQB.38] Drayying 38 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[ Drawin g 39] Drawing 39 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 4 0] Drawing 40 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 41] Drayying 41 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 42] Drawing 42 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 43] Drawing 43 is the plan showing the example of electrode disposition of the I 
emitting device of other examples.- 

[ Drawing 44] Drawing 44 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 45] Drayying 45 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 46] Drayying 46 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 47 ] Drawing 47 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 48] Drawing 48 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 49 ] Drawing 49 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 50] Drayying 5 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[ Drawin g 51] Drawing 51 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[ Drawing 52] Drawing 52 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[ Draw ing 53] Drawi n g 53 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 54] Drayy|ng 54 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawing 55] Drawing 55 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drawin g 56] Drawing 56 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 51] ^3WnsJ51 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 

[Drayying 58] Drawing 58 is the plan showing the example of electrode disposition of the I 
emitting device of other examples. 
[Description of Notations] 
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10, 23, 33, 43, and 43- 1, 53, and 63,303,303-1 Light emitting device 
6, 16. 26, 36, 46, 56, 66,306 Translucency electrode 
7 P Electrode 
9 N Electrode 

17, 27, 37, 47, 57, 81, 91, 101, 111. 121, 131, 141, 151, 161, 171. 181, 191, 201, 211, 221, 231. 241, 
251 p plinth electrode 

18. 28, 38, 48, 58, 82, 92, 93, 102, 112, 122, 123, 132, 133, 142, 143, 152, 166, 172, 182, 192 193, 
202, 212, 222, 223, 233, 232, 242, 242 252 p auxiliary electrode 

19, 29, 39, 49, 59, 85, 95. 105, 115. 125. 135, 145, 155. 165, 175, 185, 195. 205, 215, 225, 235. 245, 
255 n plinth electrode 

20. 30, 40, 50, 60, 70, 86. 96.106,107,116,126 127, 136, 137, 146, 156, 166, 176, 186, 196 216. 226, 
227, 236, 237, 246, 247, 248, 256, 310. 320 n auxiliary electrode 
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[Drawing 33] 
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m«±-C*»). E«:Mtc»*b<»-iZI©fi3*J7 0 0 
wmJiUb'C*«3. 1X1*8 0 0 ymJi(±-C* 

[0 00 8] C©<fc5CCpm©©ffi£©.£4n1I1S4© 
ffi«*W3e©fSHrt«:jRfea,fcas>«:. c ©»»©—©« 

?¥ffiT£C 4 3RntSS&*ffi£*^©£T©ft 

wa-coffiiiJ&J-ffitcfts. cntcjciD, aaw©i6# 

tB*©(ST*l»±-C*ectiftS. iKCJ^fCbT 

n i/t n m^mwm «c *«- * **©*&— tti* 

tc. pS*SS^)l©±«:S36tt«@*te^-C«SS©fi£tfc 
£S£ * ^Cfc^t * ? X-ffifcKXsX p 6 

ffi*«x»p»«««3&»6©ffi«*j^:*<ft44. mm 
xh hm.im.izm e {*©«fci#aitf jit * ft < ft o . p& 
P «fftmffi*^i»n/csi5»© p m.¥m#m^ 

-HJ4C Wft*flEA"C Z ft < ft €> . 

[0 00 9] fCTC©Si©-OflT(J, 
*Lh©ffiR©jS4 P #^mSX« p *£ftj1H& 4©S§8t£ 
0-1000Mm©WiUfc. c©^-5tc«^^n 

@©^-c©*?55 p ^itsxtt p ffishmmfr ^>±s2ffiBl 

S?«WK*WfCC«*fS. a*1t«8S±©ttK©^[4 p 
#J^mffiX«pffl«!imffi4©M:cJ?i= LC>86»©±ra.3: 
50 0/im-C*<9, M&CJSK&f* L< «4 5 0 umX$> 
K). MJCM^CMtCif S U< «4 0 ObdiT*'). 
5fl/<ti350 wm-CfcS. *>^<&^fi£(i. JB^^-vT' 
©*i^. — i2©g£**5 0 OjimtU: (g^S?«7 0 
OymkLh) ©^ v ^CfifflSnSC 4jW»* C 
©J;5!i:?^7 - t-{X*5^<Aj;§i, ®£*©J:^ftp 
m^fii^-eiJ^ cft*>6ffii»©«*iT+#ft«ft«aa< 
f# e n-r tc Bg < ft t u s ^ ss»*wsa'r * ft <- » a 4 a 
* ft«^ 4 ft o . *^-e©g|5^*i^©cp*fcJit±j u r 

^^ ; S:^®ft4>©4-rStan75i&^„ MWf*L< 
it. &B7-v7'<Dm'&. -2©S3*56 0 0tfm)a±-C 
MfCJ|«:Sf * b < (J— i22©S3* s 7 0 0Mmtl± 
•C*<3. tfejffSKU800Mm«J:t*2.. 
[0010] t ©<fc ^ Jca*tt««±©ffi*©jSi P □ 

p fflBrss 4 <vm&*. m s©©hi^(c ir«?> s 
/ctotc. c©i%bj©— ©©ffirwp^mffi^epfflsti 

@^ti^«B©*^gp^tc P m^mtm^±r z c 4 



(4) 

5 

®T£l%±~c£ £ C 4 4 £ c 

[0011] ±Etd«©n*«4p*«S:ifeK:fl|A« 
KK8ft*C4JWfiF*Lt». ntt^ffi4pfflttttB© 

^rtt^L/tttO ©t\ ¥fTtta»*KB*4c4R: 
J: 0 ^»*IMt^**^Kte^T^7!rSWJtttt 20 

*->Tiajrcs&c4 4&£ 0 <fcoT> 

[0 0 13] ?y^f>fXm<&Si > *?-tt:<fca 

8 ttWUKl cfcOWrjftL/TL* - 541*5 WH#£ 

*C TC O^W©ffi©J9I^» p fiffiSSi n 30 

* 9 7 # ©S^ —2Z©:B3#5 0 0 jitm«± (MSr 
tt7 0 0/im£li) cD^cD-e*^ 0 Mft»£L<«> — 
2(DS$^6 0 0Mmia±"C*t), MKJECcSfS0<« 
SXD&S&l 0 0 tfmHitiO, «fc»*L<tt8 
0 0 am«±-C«3b& 0 

[0014] S*fi 1 ©^7^f^X^< 1^(7) 

£HE»ffi 4 a76tt«ffi 4 0^0^ * o * oPflJH^ & £ o 

L/C*. p*S8ft«ffi*«*SC4tcJ:0, pei*iRff 
p fflBA^ffi 4 jg^ttm® 4 (Dm «cffi» W# <5 ft , 

*SC44tt&. 

[0015] C©»»*«lSr4S»*{CO&. 
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*ffc^*^4©IHK:*-A«IS©»6n4*>©'C* 
;i/ 5 - ^ A&&t£ £<&T)V*-v A^&^um-? <5c 4 

-«l/c?DJot, P 6 n*ffi*r 

fig 4 C ft rf» 652^ $ ft tc n ffiBbttS 4 (Dtt^fe-tt *s» M 

*f©ft»«:E«i/r*>Ac*. nmrnmrnzn-sm 

[0016] ntltttSBndtli&RHsmr^o 

nmtitm-mzttez* niaifiinMiii^ 

JJiJfflCC^rSC4t>T?*S. C©»^, nfBB&«BS<D 
WKa^flt3*n^ffi««©*ft4att6ti:Sc4t>r 
nfiiliB»tlt7Y+tI»l©*ttr#>f 

5£S ftfcl>„- n ffl«j«ffi»^a»flc»*|»* Ute»»{CJ(? 
0SSft*©T % W^^tflBOffiSJ^ffi^t-r^mite^ 
&*©M*SMV4C4**»*IX>. nffiMttOlBtt 

MteMK:J>?*b< 5 urn 

-C**K MtcHtcj?«:Jf4L / <«3 — 2 0Mmr*0. 

[0017] Mfflkmmv&mttmimwmztizi* 

©•CttttOsW, 1 Hl&Jf 4 UCol 

R0^2mffiJ14l>TAuB%IIH^S»T^ w il^i 
B©«^fc*«02 ^SB©fll^;7cScfc 0 4> >T * >jt* 

^fttcfcf ^ * 1 «SB©«/S5icSJ: 

Dfc^sFft7aR4-r-5©^aaoc^ pa^>^^hi 

*%SftS*s. *©«ft«HltcJ: 0 , **#©»®^6i3l 
S*fSl©7E3Rdfli«, »2«ffiB©««;7c3R©**s»l 
«^©lf^*J:t)<>ai<«aU/c»ffir4&*. IP 
•6, «ffiB©7c*»ffi*5«ffiB©Jgj?RB$©^wccjFtor 

m 1 t^B©«ja5c*©**s±fflijtc^a-r 4. m& l < 

ail *ffi«©»fiS7c3R«, ~^;KNiX 
(Co), i*(Fe), JBCCu). ^DA(Cr), ^>^;l/(Ta). /< 

fiD©5%*tt< 4t— «©tcJR-C*0. -e©«SJl«0. 
5-15nm4T€> 0 »2«ffiB© : liJ3E7c3R«, /^^S^ 

tt< 4fe 1S©7C«-C*0, *©BI/f«3. 5-25n 
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m±?Z> 0 SfcSKO<tt, m 1 *ffiJB<D«J0OT*«Co 

b, Mueatcj:?* *w*cw»ni*6»s*iai©5c«» 
co<fcofeALC&iai<aab/ci»^tJtt4. 

OtlBftl* «A«TWJ^6»lsfeK»iL/rVJB. 

HBO»fiJE7c3RW, -y^KNi), &(Fe), fflCCu). * 

n), (Co) <D5%'Pt£< 4fc — SOtcX*?* 

0. *©i»B1^3 0 0nmr*4. 3£U<B, » 

O«!5jc*^(Au)T^0, *CD*Wtt0. 3 — 3 nm 

»KaV»8*p#«WK>*nil|«c61t*C4«>r 
p#itttt»ttt»7-fttJWlD(D»8'C#>f 

jWff*OC>. p»Bft««tt**jBjRr-6©-C, ^oms* 
*<T*Ci*»*Lt». p»»ttOittl-4 0M 
mi«Ci#COiUi. Ete#*U<«2--30M 
mt*l JgteiEK«F£l,<B3-2 5 /zm"C$)l JE 
KIEKieK:*?* L< B3-2 0 Mffi^O, &<>«£U 
<(2 5-15/im-C£>£o p 6flEWEfttf/X« p fflfift 

a***S-l*4C<b^»*U^ p*&ffi*SSOSIBBWffl 40 

4 Itfe < C 4 K i: 0 . fcffiWSKtf a#«=TO©*ffi 
CCJB«EStiS«BW (S i O a ■«) 

*c fe amw-iwa 0 tc»flrr * c 4 4 a *. 

[0 02 0] aXtt«flK>ffiKOjA«>6 p«ffi«*X« 

p ffiBjm® * r ©eat*— ^Hrt «c««> a <t 5 cc-r £ 

KB, p#^«ffi4Cti3&>6eH3n/cpfflffl«fli<!:© 
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p MBMItt 4 n fflWmS 4 #21 > tCiB^ S tir t » * 
WitlO. *fc, P«a6«a»n»SWB«fC»Ur^ 

[0021] myt&mmt v-^m^m^p^mmm^ 

B, a, Q,, CO, CQ,, NO, r^O, NOs, , XB, w&DPte 

z>o XB, a, o,, co. cQz/Na NjO. Na. xb, h,o 
<fypta< th i«4^fgtt^x4(Dii^^. xb, 

a, a, co, c<v no, Nto, nq,, xb, HiOcds^;*/* 

^/cw*ffli^c»^tc«, gfbtfu ^A»-fb^'«j*w 

f) l*mt^W¥-m#<OftME.lcX±<DH.t) 4b, a B 

±w«:»ur i o- 6 ss«±©Sd^^Wbr^n^+ 

B+#r&£ 0 ft, Bt**Sif#xO*A«<D±Rffl 

b, p M&mK<\tevnm&&{t<Dftm* t> b, wtc, 

WRSh&feOTtta^. SB, H&ftfliTtt-Cft&mi 

*tfi"c*^ 0 DMasccHortt. **>a*i/<tt, 
50 0-6 00'cr^4 o 500*cti±osar, tSCx 

X, 6 0 0-CWTCD^StC 

««©d*{b«ffli*AHCc!f 5c<fc**r*s. 

X, flSl/C4UWH». 45 0-6 5 0'Ct$>^ p 

^Mm®, pffl»j^©, a*tt*«©»fiS»*4ac;«wia 

ffl*fl=CCO^TB % W9- 3 2 0 9 8 «p 
13^ 10-20949 3-9^**JR3tlfcl>. 
[0 0 2 2] c©MIB»«:*jl»r , illUQKfbVHRfb^ 
tt*8W*ttHH*4 OTA UGaylnj-x-vN 

n, A 1 N, GaNSO'I n NtOC^to** 2 5c*, Al 
»Ga..,N,Al«In... NSTOa, I n 
i - » N (J£Lb«:*5l>T0<x< 1 ) <D^t>KD5 37C» 

*^a$-ra. ni«OT*fl[)-»*#a> (B) , dry? 

A (T 1 ) ^rCgglbTfclK , */c. (N) CD— 

W*>'J> (P> , tSR (As) , T>>^r> (S b) , 

t^x-^x (b i ) ftiftt^s. iii«ai<b«j^b^ 

lr>. niWiat, Si, Ge, Se, Te, 
iffll^Ci«*2>o pSWftilt, Mg, Z 
n, Be, Ca, Sr, B a»*»C>*C 4#"C#S. 

pswt* F-^u/c«cciii»ai{b«jR{b* 



w$!i©ffM#£tt^cii£Sttft^#, watei» 

♦BiRSS (MOCVDS) ©«*>. HfcKWfflMSflJS 
£& (MBES) . FMidtfttt (HVPE 

ft) , X'tvjrfc -ftf>7U--f y >7*&. m^^t 
7-^JtcJ:-5"Cfe*JiW4Ci*J-C*S. CCKIII 

FETl£©:i-#-73l?-j6C>'K:W7D7 
IS 

8KK14 

pa>5> F»5 

fi^ #Pl : In 0 . 
>*V7M : GaN 



P I N«£*>pn»£**l,fc#*ltl. -^r 
n«^L<tt#7*;u^n»fc©fc©*fflu*c£ai 

[0 02 3] 

ftfc. iaia:i©fli«*»wr*A:«>©H-c* 

10 0. €-l©Jf $^>ltI©7 , d^-^3> ; &Efi|CCS^^ 

., [0 0 2 4] 



mm-. F-^F 

S i 0 2 

Au(6nm)/Co(1.5nm) 
p-GaN:Mg 

i s G a o . a s N 



(HUD 
(0.3ym) 

(0.3Atm) 

(3.5nm) 
(3.5nm) 



nSi»5»FI 3 
A1N^»7t1 2 : 
Sfi 1 : 
[0025] na^7? KJB3 «^3tJS 4 «!©<£«?« 
gn-ii^'^7l2 n + 1 £ *» 6 ft 

s 2 »»&£-$-* c £#?**. 

mtmmzo «ji»4i«H***»©t>©Kiws3ti 

^^©^£LrB'»^^^nM. 
;U^raSRtf**8£S©fc©ft£'£flH>£t£#-C 
#S#JI4£pli77 v Fa5i©HI(Cvy*j/9 

imortHrizz K-7Xfc><> h'*> ??©jki,»ii 

@5K&fifc^£©£|5M^£fc&-C$>£. pS???F 
«5 *»36JB4llI©fi*-JHiKp -Jf£^ffliJ©ii* 

-;UJ8K p + 1 £ *» h ft S 2 Sfifci £ ? 5 c £ 

s. a#»ps=«>af^ni4"?«n4. ±iE^/iX©^ 

[0026] vzzzBmbxvmt?? 

5> ffittd 4RtfnSi'77 F»3©-«|J*5l£tt-<* 

[0 02 7] 7X^©£BfftC» JK*»StCT. CoJg 
(1. 5nm) iAul (6 0nm) iMXMt*. 

7* H/5>^h*-*K»lil/-c; 7*HJVi' 
7 7 y (c J: 0 . n W&mffi 1 1 R V*©JSH3>> h «« 
1 0 ymil©§|5# (*y77>2filttl 3) ?7* hU 
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: S i 



n-GaN 
A 1 N 

D-77-/7 (affl) 



(4ym) 
(60nm) 
(300 Mm) 

«S»liJEtm*l!fe6l/. ¥«W*li4WH3tt4. *© 
& 7* hU^>*B*r&. 'j7F*7ffi{C 
J: 0. VI (1 7. 5nm), AuKl, 5*tm)S 
O'A 1 1 ( 1 0 nm) 4JBi>9K»WiU-Cp#ffi«ffi7 
Rtfpffl8&*S7 (pSS7) £T*. ><?WJ*t7 
30 ;US-7A£A^ft^nm©9 4>|5}^K';7 h*7&CC 

[0 02 8] ±IB©<fc 5tC l/Tftl&hteKWiftflilPK 
Ah, Pa«T<C*-C9t»l/. *©»1 OgfcP 

a$-C0 2 *#J6T£. *©fW»r<P©i8«* 

sso-ckbhei/c. 4«s, AMaata. cwc 
j; o . j§#tt«® 6 <t p fiffi*sR^ p mmmm t 
n-en©w^^tsns££fetc. PHfwateor 

pSS£ft5, *»iWt6»©tti*KJ:*itf. p^ffi^S 
RCJ c p*IHi«*©iaTH:*it>'C«»ttp®* v v Kl^ 

40 «£^£'aA^tlT^,>ft^>. cn«, p#)Sssro'p 
««j«ffi©irF«:*ji>'tai6tt«s*«fi!i"raA u/c 

o ^#I1K:±3$ btc£ 5 ft ^©Sfs* 1 * D tti»fcae>fc 
3>3r7 hffitn«Sit«WiS <tt->rt»4/t©r*44 ; P 
ffi$n-5. l/fc^ot, pftl!gfiiRtfpfflHJ&S©J§l 
ffi£S3KttafiS6 £©^S*ip#©W^ftSaW^ffl 
£ft^ 0 BP^, p^ffi«W«:H]»nSnA:««»p«ffi« 

h» v&m%®±.<D'7 >y»**rfiR« 

so afeO'K: n maiffiS^^©^^^ OiS«*iBK*>» 



XL 

[0 0 2 9 ] CCDJ^KOTSfchfc^KfclR^l OCD^ 
ffiEB©— 0(4132 H3 1 HCtSL/c. H2CC*5l^ t 

8(jp laffi^^tc p mmrnrn isbp -&£«a i 

7i— (*W«c»fiHStirt»*. pSIli l 7tt-©2 

Ulil 7 0*fia-rSi22CD«C3!**CC3Kfli:3nTl^4. 
n«i2 0«nMSil 9 4H*WCCfl3flS3ftr 
(r>4. ntfiflft*a2 0ttn6tf««***4LTTl** 
3*»R"C*D. n»»*S2 0«pa«J««l 8i¥ 
ff«C*o< UttcEB3*iTC>S. flF#2 l»n«ffi?g 

ffir*& 0 «flW2 4ttia7«:*jiiT«ttR-cs%Lr* 

£ Q cflDJRTO— 2I<Dg3# 1 0 0 0 MmCDEfrJfre* 20 

[0 0 3 0 ] flfe©»***2 3 <DHSEB0!l£0 1 2 - 
02OK^L/c 9 01 2*C:teC»T\ WF *| 2 6 

a. ^2 7Bp&im if #2 sttvmwnmz^ 
r. p*«i*a2 8Bp6ffims2 7i— »wcc«jsss 

CCDp^ffi«ffi2 7*tp^(CLTp*IHrtlffi2 8 

^>r*-5 fl n&IIS2 9Bpeili2 70W 
SiacD««Ep5feCC»JBt3nTl»a. nSSI)li3 0»n 30 
©B»K2 9 4— WWCC*fltStir(r>S. nffl«jm@3 

o « n «ffi«s#> 6 p 2 7 ec iqj w r Ha s nr 

flff3 1ttn*S««B. «W3 2»y-fi/>^ 
CD/c«>CC«abfcattR**fi.Bt?**. SSJS3 4 H81 1 
7CC*yl>rW«"C^Lt:*4. CtDfRTU- yBtD&Stfi 
6 0 0 /zm<DiE*Jf5"C*€>. 

[0031] mo&ytm* 3 3 ©*ffiiBKW*B 2 1 - 

03OCC^Ofc o 0 2 HCfc^T, l?#3 6«3»ftttflt 
ffi, ^3 7 5Jp^H^®, 8«pfflHj*a*7R 
To P«B6«a3 8tip-&l^m©3 7 4— #ltt&cjf5;?££ 40 
ntt^„ p#lffi3 7 tt— ©22©ffl«8tc*ft*ftiB 
BSftTfcO. PMWHI2 8&i±ft#E^tKr* 
S. ^3 5««S^CDSW0^^>r$>^o nfili 
S3 9BpfiI*i3 7©»|SlT42teJI3Jffi34vCtr> 
£ e nttiAli4 0»n^lli3 9 4— ftffrtCTfrSS 
ht^i. nttWH4 0 «TfiI#a*«ttt* 0 1 n 
»lffi4 0©ffW«»»«Cn6B«a3 9 3WE«3*i 
niSf)*i4 0«p«8&Sa3 8 4W(C*»-3 

■94 2tt* , -<^>y©fcft«:aaL/catE»»ffi , c* so 
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»KBl3 4ttia2 8«C*5l»r»tBriSUT**. c 
(WR-T-tt— BOSS* 1 0 0 0 um<DIE15BV*>&. 
[0 03 2] fl&©3Mfc*T-4 3 (D^Sg2H#d£0 3 1 CC 
Tnb/Co 03 HCfc^T, «W4 6ttj«*tt«a, *W 

4 7IJpMS1, If #4 8ttp|iMflM*5W-. P*i 
BjH@4 8»p6ESS4 7 4HTOK»«SftTC> 
4. p«B«a4 7««i*"r*ftW«:|EBS*ir*50, 
pl8?li4 8B§pfiilg4 7, 4 7*6H*SR-¥". 

«B4 9 4— »W(C»JiSSnTC»4. n *iB2j®i 5 0 te: 
n#B«a4 9 *>6*-¥-C0**aB»CCfilWr JKJSEStl. 
*tffl"r*ft»©ifi< irtttfTt^S. JHSlBntti 
Jfr&ffi, 2tty-f^>y©fc»CC*aL*:lt«** 
f«r&& 0 C©SR-7-tt— 2(Z>ft3**8 0 0 nmOiE* 

[OO33]032K0 3 l©^tt«**Lfc. 0 3 
2©«T-4 3- lTtt, n»Si5 0-UCfi5 0- 
2, 5 0 - 3#^J«£4VCI>£ 0 &&5 0-2. 50- 

3B-en^np^sti4 7, 4 7tc[qjWTf#o f To> 
* 0 03 2^*51^, 03 1 km—o^sctm— <on 

[0034] fl&toft*** 5 3 (Dmmmmtzm 3 3 &t 

mlstc. H3 3te*sl>T, lf-95 6»j83614«a* 

5 7BP-SIIS, lf-^5 8«pfflSjm@4^To Pffl 

shmrns 8Bp^iii5 7 i— ftwocjBjatsnrc^ 
p^ffi«a5 7(i*traj*r-2>ftgptcffiBsnr*50. 

p«8W»5 8tt*p#lK«a4 7 1 4 7^61*^ 
(D±iZtftO p Tia«:*- 3 rJBjac3tir^4. If^5 5(iffi 
8H«©mW9 5-Y>*C*>*. nfiIK«5 9tt3R^©* 

5 9i-ftWM?ntl^o niWSeOBnfi 
ffi««5 9^6p»tt«a5 8iWf«:»flESn, JR^ 

EL ##6 2tt*-f ^>yo/c*CC*aUfc»S*tl4ffi 
r&& 0 CCD«T-B— i2OS3^8 0 0 Mm<DiE^r 

[0035] ffecD^^^T- 6 3 (omm&mmzm 3 4 &c 

6 7(ipMsa**to cowirttpfflaftflia^w 
sntc^. p^ffim®6 7tt*fr$j-r4ftS5tcEBsn 

r^^ e *f#5 5W«BHR<DSW0^-f>r*4. n£ 
B«a6 9W*T<0**8P»«:}BflE3nri^S- nfflftfj 
!S7 0BnMli6 9 4— f*WtCJB«cStiTl^ 0 

Eg, ^7 2B^^^>^0/c«)CC»aL.^Sfi*t^ffi 
-C^>^„ CflMR-7-B— 2©fi3*S8 0 0 umQUEfiBV 
&Z> 0 



(8) 
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[0036] &yt^<Di&<Dmmw.mw*m 3 5 ~~m 5 

n>£ 0 03 5— 05 2O0WC&<,>T&, 03 4&im 

<Dtmm% (±T2E«) *aje-s-a. cn6©wo»* 
f^o— 2053 fesoo ^j^fcg*^ 

[OO3 7]0350«W p-ei«SS8 1. 8 1^ 

©8 5,8 5*>£±2S^2&C®oTnffliB&®ffi8 
[0 03 8] i36©Wm pMSi9l3&^© 20 

£2s.o'T2ccSo/c^ i (Dpmmnms 2 t±$uaQ 

[0 0 3 9] 0 37OWCtt* pSIWlOl, 10 
K 1 0 1^6<^WCjfrnft^^/cp«9!lSSgl 0 

2, i o 2&&m2tixK>z> Q nismmmi o s«twj 

02o0ft8WCJKfiSSft, Sn^ffiSSl 0 5^62E* 30 

ia^6*^-©***a«o-c±ia*-caurc*4. T2* 

*^6fcft*^S9IJ»«P»B&«*l 0 2. 1 0 2if 
[0 04 0 1038 ©Wett, P 1 1 1 

<Di*i*»«c»RjEsn, cn*>6pti8ft«fisi 12, 1 1 

2#— ®»JS«±«C<*tf-Ct>*. nSMil 15, 1 

SI 16, 1 1 6\t*C<D2-o<Dni$mnm 1 1 5, 11 40 
5£5£<'<fcMC ^MC^otW^titl^o 

[ o o 4 1 1 a 3 9 owm. p -smmm 1 2 1 #£2 

0**^TfflflteRW6tt. cn^6IBl Op 
1 2 2#£2Kte^TT^TT2^tfTt>£ 0 £TRS 
*>6T2fc»^5#5ft*««3 0SiLTS2CDpfflftt 
«ffil 2 3#Stf-C04. n^ffiSffil 2 5*5*20* 
5fe^±flWteBW6>ft. ChA^S10nffl«llSl2 

«fil 2 7#J£tfT^S 0 50 
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[0 0421040 (DWVIZ* P "^ffimffi 1 3 1 **2e2 
0DB8**(CJgJsS3ti, cn^6l lQp*ilfl&«fil 3 2 
^2E2ftC7& o T /c % ±# 0 ±2K S O'r I > £ . ±2** 
<t0^*ffliJ^6Tffl'J^lpJWr^2(DpfflfWm®l 3 3 
rtsaftCCgCFC^*. n^Sffi 1 3 5*^2<DSS** 
5C»atSti. cn^6f l^nfflS)1113 6^2(C 

ffliJ^6±»Cr01Wrm2CDnffiBj!;affil 3 7«HK8 

[0 0431 041 om~Ct* % P 1 4 1 ffitETf 

mm&ztx, cn*>6»ft«±cc»i©p»aft««i 

4 2*iJ§a f Tl»£. *^0**8fc9*C:fol>T#10pti 



BbSS 1 4 2 ft 6iK*!Sl«:» 2 Op tiB&«MS 14 3, 
143Wt^S. n^i*il4 5B*-f©a±ft 
KJ&ESfi, cn*e>SlC0niS)lffil 4 6, 146 
**±2<t:&2KjEtfT^&o 
[00441 042 ORCtt, P 6ffi«ffi 1 5 1 ififk^ 
0£TPBKJfr&3ft, cn^^l^pfflttlSl52 

#£2ct?fl ot/cU^D Mtt±2K?fi oto o't±2 
tti5 5 iwR^-o*±w^sEsn. cn^ei 1 o 

nfiBB&Sffil 5 6^fi2^-e^rT^ i 3S^T2tCffio 

[00451 043 (DWCB, P 1 6 1 *qR^ 

CM£±flK««3ti, Cti^lOplWl 6 2 

1 6 BttJR-T-OKS^ifcKl^SESh, Ztifrbm 1 On 
If BJ®S 166, 166, 166, 166 ***t#*£_BC 

[0 046] 044 ©Wrtt, P ^Jl^ffi 1 7 1 
02E±ftCC^3tl, cn^6»10pffl86*fiSl 7 
2, 1 7 2*s±22a»i£20*n*tl«:SCJ c rt^. n 

lOnffifKjUSl 7 6, 1 7 6#S2£Ti2CC5£t^ Jg 
fcS*2©n*||Hj««l 7 7*Wft8LhKSCrc<,>S. 
[0 047] 045 OW"C«* SR^f OiETA £*±#&C 
P^ffiH® 181, 18 1 ifiBl&Zti* &PM11 1 

8 1, 1 8 1 ^6M^CSot^ 1 ©plSjll 1 8 
2, 1 8 2, 1 8 2, 1 8 2rt*5il£fri>5. n^Iiffi 
18 5, 1 8 StJSR^O^TftiaEift^fiESn, C 

[0 048] 046 ©ffltB, ±2fS^^C p 1 

9 1, i9i«jn, ctieiSB^i^tciaoc* 

^IlCDpi8!jSil92«^tl^o HIIO 
pffll»m@l 9 2 0*A*>6T*CC[filWTiefttC*2 0 
pffiSWBl 9 3#JM9:3ttS. n^llll 9 5, 1 
9 5«T2«acM3ntC^ fl SnSIlil9 
5, 1 9 5*^6^1 OnlfWaffil 9 6, 1 9 6^46 
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res *c ^ o x tc % #> to *z> o 

[0 0 4 9 ] 04 7(DMm PM1I2 0 1 f>m* 

[0 0 5 0 ] 04 8£)#Irte, 1 1, 2 1 

SS2 1 1, 2 1 1 <fcOS-ia^»o-cmiOp?iffi!)m@ 
212, 212. 212, 21 2#S£tfrt,>£ 0 nftffi 

&HffiCD# l^ft^f^^ 1 CD n if tt*tt 2 16.2 
1 6#Stg£nrt,>£, 

[0 05 1 1 H49O«m P#ffi«ffi2 2 l^a^ 
OS±ft«:M?n, cn^lOpiMI2 2 2 

o r r ±21** <fc o raw^xi 

issn, cn*^6»icDniiaftaffi2 2 6^2(cifto 

[ 0 0 5 2 ] EI 5 0 ©09r « % P 3 1 #TiB 

©taa**«:»fiS3ti. cnfr6*iopfisw*2 3 

O'TO&o *fc, H2<Dpffllft^@2 3 3«pfilll 
2 3 1^6^b2Effl^CjiffTMtC^C/P6±^a:AtC 
ffiO"C(/^So n6ffi*fi2 3 5 «T2©««+*$Cjfcja 
Sft, Cti*e>Wl©n»8W«2 3 63W±2R:*or 
£»hOff MteSSK: * o TTflBCcHffT Sfc, 
H2<Dn*iK7^fii2 3 7«n^ffi«ffi2 3 5*»64>0S 

[ 0 0 5 3 ] El 5 1 ©WteSfc^^ffittfi^'C&S. 
pMH2 4 1 ttTiH©*** O-^^fiWJtCJBfltS 
ft, Cti*>6»l©p»Bft««2 4 2*«Ti22tC*oT* 

2CDp»Wm®2 4 3«pMli2 4 1 frh'Pl,m& 

««2 4 5tt±ia©**<tO^*flPJ«:»tt3*i. cn 
H*l©n liffiJ^® 2 4 6 ^±2«: * rtl^ ff 

2 4 7(SS1 0ffl»li 2 4 6 6T*^fltft CCBff XT 
^ 3 © n llftlg 2 4 8 « n ^11® 2 4 5*^ 

^>*»j(c cwr igcc T^ttft tc^ta s n £ . 

[0 05 41 052 ©W-CB, p effi««B2 5 1 ttjft-?- 
©*TflCC»fiSSn, Cti^6»10pffi«)«fli2 5 
2, 2 5 2^SfflSffT20Ci i aor^L5iff, MlC*m 
»i¥ff«:aLbWJ«c3ffiR3tiri»«. nfiISI2 5 5 
te^cD£±#&cff*/£3ft, Cti^6»10n«»«« 
2 5 6, 2 5 6#s±iaSfffi2«:»or»dESnrc* 
*fc, S2 0nlS)lI2 5 7^nMlfi2 5 5 
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[0 05 5] fft©»3«R^ 30 3 <D*&£Btil£H 5 3 

W3 0 7«pMtE ^f#3 o s^pmmmm^ 

?. pSSlifi3 0 8«p#ffi*&3 0 7 4H»»JC» 

ccaeg$nr*jo, pffi»s©3 o 8»p«i«S3 o 

10 3 0 9«±a<0««**«:»jR3ti % nffl«3 1 0 

ttn#fli*«3 o g i—i»»«:»jats*ir^a. n*ia> 

m«3 1 0ttn-&ffi*«3 0 9*6*HP©**«WCfiJ 
WrC^JKttCCJBflESh, *(DHPSBWp^ffi«ffi3 0 
7 6C*fRlLTC»S. *Hf3 1 HinfflME flF-93 

1 2l*y^S/>^©«:«>«c*aiUfcKlE#*»ffir**, 
C^W- iScDSS^l 0 0 0 um0ME#?f5r*4. 

[0 05 6] 05 4K05 3©^!!S«*S*0/c. 05 
4<D*^F-3 0 3 - 1 rte, 05 3 (DfcCDKJt^r o.&ft 

20 3 2 l«nlIM®t'*^ 0 054tCtel>r. 05 3 

[0057] m<D&ytm* 323 (ommzmmzm 5 5 

2 3rteJ?l2CDp*BBji?mfi&3 2 5 3&i«a**tCEKS 

n, m3JSLvn4<Dffi&]nffi3 2 6So*3 27^ mi 

2, 3&U3<DffiBhmm3 2 5, 3 2 6, 3 2 7«p£ 
30 ffi«ffi3 0 7d>6»«34ir^S. »2, 3SO'40|i 
K?m«a3 25, 326, 327 (D*{fttt*tt*ft"{C*Jl» 

r p i$mmm3 o 7 ro'^ 1 <d p *88&m@ 3 0 8 tctt 

-IttiftS. t£-?r, C¥»tt©ni8flW3 10© 
rt«*c»LT*KWCC*ffi««:»2©ptitt«S3 2 5 

3 1 0rtrco*«£»flj3&sJ:0^— tc«c4. m3S 
ffl40plKjti3 2 6 l 3 2 7***ltf, p&ffitt 
1307 - ^10piWlI3 0 8 3&>6*fcjat>ffiB± 

40 tt£>tffr2 (0rJb2> tC>Pflt, §m3Sffm4C0p 
i»llffi3 26, 3 2 70TS (IlOplSjli3 0 

fliHBOfiSs&U 0 0 0 um(DiE^r&6o 
[0 05 8] f&©*#*?- 33 3 com«l!^l*0 5 6 
CC^Ofco 05 6K:tel,>r, 05 3 iim — ©BStteWEl 

3 3 r but 2op siis 3 3 6 &z?m 3 <o p ^^m© 

3 3 7 3W*n*ti±2 (» 1 © P £JimS 3 0 7 £*ftf] 

50 r&a)-©Hftcc»flEsnrc>*. a«W2aa c »3© 



*1. »2Riy83©©p3ffi*ffi3 0 7. 336. 3 
3 7<WMfoWll/<tt4. tt-a-C. 83fc**©3 3 3© 

tta^iSKiB -5 tt«ttf flfcWi 6 ft 4 c £ i * 

Z. tV>fk=ttt-m&Zifi 1 0 0 0 y m©IE»e* 

[0 05 9] fl!!©!!*** 34 3 ©SSESWfcia 5 7 
K*Lfc. H5 7«:*jl»r. *W4 6«i8#tt*S. 
fW3 4 7tt*l©p6lSW. ft#348. 3 49tt 
pflMWtffiSiSU cft^tt-#Wtc^fiS3ftTt»5. io 
Si 1 ©p ^imS3 4 7 ttft**^ 3 4 3 (O-OniCB 
«*ftr ptSSiJ^ 3 4 8 #T2KfGoT*©ift2 / 3 
©titB*TM*tfTI,>&. pfflBfim@3 4 9«*2K»-> 
-C-e©fi2/3©<aS*-Cf*i>'-Cl^„ &1©p3IM^ 

®3 4 7 t*nairsfta«c*2©p^«*3 5 im 

$.2 ft. C ft*» e> p MIMS^ 3 5 8 tf-fcWfcJ&S $ 
ft. ±2«:So-c-e©t3:«2/3©{4g*-C(#c» : r^ 
£. ®C*2©p#g*ft3 5 7*fc«pJiMWt*3 5 
g#H*WK:JfcJi!c3ft. £a«:i&-3T*©««2/3© 
{SflS*-e#CFt(,>S. nfcl«*3 4 9ttS«tfcfeK}B 20 
JS3ftTl»S. t#3 5 1BnlWI. #^3 5 2 
(J * 4 •> > y©fc»«:«lH l,fcS«*Wffir**. 
[0 06 0] m&dtftfr* 6 3 ©S&fSS0!l£ll5 8 
(C^L-fc. 05 7{C*j(,»-CH5 6£BI-©S*«:»JBI-- 
©flF#%ffl/r-e©»IH*««-r4. flP93 6 7tt»l 
©p£Hm®. ft#3 6 8«pffiffl*«£*U Cftf. 
tt-ft»K»SSft"Cl»*. *lfl>p#B**3 6 7tt 
^^T3 6 3©-©ft(CfM?ft. pfflS)m®3 6 8 

*nFja*> 6£2* ■c#iD f 'r-e©BB^©&i$r-^ l 

»l©P»ffi«S3 6 7 £*tlfiJ-r'5ll»K:ai2 30 
©pftffi*S3 7 7J&lSSft. Cft*>6pllM&«li**3 

7 8#H««jtc$i5&3ft. ±ia*>6*a*-c««cfc*© 
« # ¥#©&S $ r Si L/ r t » s . 

[0 0 6 1 ] C©»9itt. JJE»W©**©^*RCf* 
j»0i©ttWfcffl6IR£3ft4<>©rtt&t». ft*!**© 

«affl©iB<s*aifti*i*. ^n^^ssJcfflifl-cdsftH 
[ o o 6 2 ] erj\ «©*a*«i5«-*. 

I l JR*%¥a»»6*fc£*. n 6 n*M& 

«s*»K*^©'t'*as»^sfi?ftTi^. ci=&#t 40 

©fi33S«5 0 0 umeU:T?*5. Ci^itiT* 1 1 

WTS. Ci^!f#mitSl lXttl 2fcKtt©llll!5 

1 4 ftKaffl£*S©ffiK©& i MSB p fcJlSfl&Xt* 
pti!WBffii©ffi»3W0~ 1 0 0 0uin©«HrtlC* 50 



15 mznmwmmtm&vW&&®k&< twee 

B3fttl»4. Ct*W»4t41 3X1*1 4KI33S© 

KiEBSftsaiafcStf, c4tw«4r*i 3-1 5 
17 mBn&stffimffissft. iffip&am 

jWMMEBSftt^*. C4*W*iT*l 3-1 6© 
i>tftfrK8BtR©ini^{b^b&$¥$#£*. 

i^^i-T* 1 1 - 1 7©l>?ftaHCf24R©nii£S 
fb&M;£*N|s*ftJR*. 

2 1 **tt*ffi©ffit©£4 d ^s«sxtt p tsaws 

«i©aSII*»0-l 000/umCftHrtK:**. Ci£ 

#a i T * mfcWMWM b^ft^Sfl*^ . 

2 2 iffi*?tt¥ffia>5»*fct*J©&rfc'J. -©a 

©fi3'*J5 0 0//mW±T*4. Ci^#®it*2 1 

KIBI^IIIJ^b^b^^itftSRi 1 . 

2 3 DtlBnli8W«iWEpffl«WlSi*»<Utt{cE 

■3ft-Cl>4. C4*1»iT4 2lXB2 2©l»rft 

*KlB»©niljU«k1W{k6»*JIWt. 

2 4 BUfBnffiKjSSiMIBp fflfflSffii BfiSK¥fi 

{CKSSftiWfl'*^ Ct&mL±?Z>2 1-2 3 

2 5 flrfBn ft&*«#&BEK 2 ft. huIBp ftlttS 
jWH«MSft-Clr>&. Ci*«fti1"4 2 1-24© 

i»i , ft*>KiEtt©iiiiRaib«!^b^»*aK*« : f. 

2 6 mm®m%i><&%m*m&zmz>> c 

i&#mi"f£2 1-2 5©<,>TftMCiBi&©IIIj!i£g 

3 1 n n ffishnmz mt znnmt. m 

i. 4<SA-C^0, iB^ffifrWcit. tiffin fit 

3 2 IWa3R?J4*if*»6#fc4*J©B"C*»). -©2 
©S$*J5 0 0 amfiLtC**. Ci£!&f(it£3 1 

(caB^ralKaWJMb^BN^f**^. 

3 3 l^n£l£«&*qktt£B£ft. HlTie p ^m^fia 
jWWWEB3«va>*. C i^Htiti 3 1X«3 2 

(ciBitoiiiKa^swb^iiMiast**^. 

i«r^ttiT*3 1 -3 3©l»rftfe(CGtl©inltK< 

4 1 n n fflj % mt Z n «fi i . 3 

3ttt*tt£ . p ismiffijmp wm&irth p ®s 
ej«@ifria p mwm\mmt w (ces 3 ft s w» 
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4 2 BJ§2*^J¥ffi^6^/c<b#J6^'C*^, — ooia 

*«ffl»BBasti"rc»s. c±z&m±?z>4 ixb4 2 

4 4 #6*3RT-«JSSK»S*JR^«a*Wr4. C 
i^Mi1"^4 4 3<Z>C»r#l*>«:EilOlIlljai 10 

5 1 l»E«^BTIB*6*fc4*Je»'C*0*o— 0 
ao*3*«5 0 0MmJa±-C*D. ttSOnfiiWi 

5 2 »l(DiatC2o<Dn^ffi«**SK{BSn. tt» 1 
£>i2 CC»|ft T 6 m 2 <D2»C 2 r><D p gilUVI 5 
ft, WEn^ffi««*6«nlil»«S3MK«Sn, BulE 

i-T4 5 1 tCEtt©niKB^b«J»fb^«J*a«*3R^. 20 

53 ***T-«aeu<»«** : F'«**wr*. c 

<b*^<i:-r^5 1 XB5 2CCE«<Ollri«fb*3iHb 

mi] 01 uc<DmM<Dmmm<Dmytm : r-<ommfS,i 

[H 2 ] 0 2 tt^«©»**^(D««E«««:^* 

B0-c&& o 

[H3] B3ttWIEH5Hr*&. 

[B4] 134(«fI0'C^^ o 30 

[0 5] B5tt[Q£(M (««) fIiJB0T>&£. 

[0 6] B6«HUSBHr*4. 

[07] H7tt»Hfira» (83B*S) £^"T#^¥B 

[0 8] H8«ia2^*jW4A-AlWffi*— SB^BSKffi 
0T&&, 

[0 9] 0 9 B0 2 «C*jW 4 B - BUtt*— SP«BS»tH 
0r^4o 

[BIO] HI 0J4H2«:*J»*C-Cli!a^cKfflHr 

40 

[01 l] 01 ittB2te*W4D-D«l£*KIIB-c 

[0 1 2 ] 0 1 2 ttfl&OXtkMOAjURT-CDVaEIKM 

[013] 01 SBEHEBBT**. 

[0 14] HI 4«RI«ffiiar*4. 

[0 1 5 ] 0 1 5»R|£ffJ (affl'J) {I"JB0r&£ o 

[0 1 6 ] 0 1 6BKUSBH-C**. 

[0 1 7 ] 0 1 7ttiffl)Jtt»# (jg9J*S) **-r#* 

2P®0-C*4o 50 
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[0 1 8 ] 01 8B0 1 2CCfc»4A-Al8fflt*:— 
B&KB0i?&& e 

[0 1 9] 01 9BB1 2«C*fW4B-B«tt*— »* 
B§Wffl0T^4 e 

[02 0] 02 0(3:0 1 2(c^«C-CttttAWrBH 
[02 1 ] 02 1 tfttOSQMOK^^OtteKM 
[02 2] 02 2BEUEffiBr*4. 

[023 ] 02 3ttiawBBr*a. 

[02 4] H2 4tt|ga3M C&M) flPMHr**. 
[02 5] 02 5«HJ6ffiHr**. 

[02 6 ] 02 6»a9jtt«sa <aiaws> 

¥B0-c&£„ 

[02 7 ] 02 7**13 2 1 KfcWSA-AHJfcfc— «B* 
BSKS0-C^4o 

[02 8 ] 02 8B02 1 KfcWSB-BttifcA:— »flf 
B§»rB0r£>& e 

[02 9] 02 9B02 lCCfcWSC-C«ifc*:*rffiB 

[03 0 ] 03 OB0 2 1 Cc*5W4D-DHat*KBB 

[03 1 ] 03 1 Btto90MoWK*^tiE>SSIBlM 

[03 2] 03 2 Bfl&OHiSffiloaitSR^ ©«ffiEiSW 

[03 3 ] 03 SUttOllttMO^jR^OSSESW 

[03 4 ] 03 4«ttO90feM<DMa^O«SEBM 
^-r^PB0r^>4o 

[03 5] 03 5 BfftCDSUBWOjS^JR^aflBEaW 

[03 6] 03 6 BttflMOiWOft**^ <7)«®ES0d 

[037] 03 7 BffeOllttWO jf&^K? (DSSEBM 
£^T¥B0-C*>£ o 

[03 8 ] 03 8«ffiOSa6«0«**^C[>«SEaW 

**-r 5 PB0"c*>4o 

[03 9 ] 03 9\m<Dmmm<D^em^(ommmmm 

^■TTffiiBr**. 

[04 0] 04 0 BflSOSUfiWlCOfBit^oaffiEaWI 

£mT^B0r&£ e 

[04 1 ] 04 1 (MOiiW^I^OiffllW 
[04 2] 04 2 B»««K«l«©»e*-T-©«aSE«W 

4^-r^B0r4>4o 

[043] 04 ztettxDmmffloftytm+omwffi&m 

[044] 044 Bffc©**«©«***©««IB««l 

*^ir¥B0r&£ o 
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[ m 4 5 ] 0 4 5 \m<D%mm<D&ftM*<D^ms£m * 

[046] 12 4 6 (SffeCfli^O^^omiliSBW 
£^-f¥ffi0"C*S. 

[04 7 ] 04 7ttffi(DH^JCD^7lc^©S@l2aW 

[04 8 ] 04 8tff&©||»J©#£#3^©©§ieg« 

[04 9 ] 04 9«ffe©llJi^J©#£ft^©«SfEg0] 
5r^f¥ffl0t?*6. 10 

[05 o ] 05 oixi&oymMMvmtmi-v'mmmsm 
[05 13 05 nmomMmo^m^omm^m 

[05 2 ] 05 2 tt<&®^ffl®££^<P*S£Kffl 

**-r¥ffi0 - e*s. 

[0533053 ttffeonjfefli©^^ ©msiegffl 
^-r¥ffi0t-4>So 

[0543054 «ffe<DHffiW©^^©«Ssg3g^ 

£^-f¥ffi0r$>£. 20 

[055305 5&&®mMW<ommFf-owmwm.M 
^-r^ffi0-c*s„ 

(056305 6 im<Dmfa®i<D%ftm*(Dmmw,gim 

£*f¥ffi0-e£>£ o 

[05 7 3 05 7»{te©^S&^J©2&ftfRi 1 ©®Ii5BFJ 
^T¥ffl0T*2) o 

[05 8 3 05 ^mommomm^o^mm.m 



#132 0 0 i - 
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[ft#©l&93] 

10. 2 3, 33, 4 3, 43-1, 5 
3 . 3 0 3- 1 

6, 1 6. 2 6, 3 6. 4 6, 5 6, 6 

7 pSS 
9 nHS 

1 7, 2 7, 3 7, 4 7, 57, 8 1, 
111, 12 1. 13 1, 14 1, 15 
71, 181, 191, 201, 211 

1 , 241. 2 5i p-sm^m 

1 8. 2 8. 3 8. 4 8. 58. 82. 

02, 1 1 2, 1 2 2, 1 23, 1 3 2 
2, 143. 152, 166. 172. 

1 93, 20 2, 2 1 2. 2 2 2, 2 
23 2, 242. 2 4 2 252 p 
1 9. 2 9. 3 9, 49, 59. 8 5. 

1 1 5. 1 25. 1 3 5, 1 45. 1 5 
75, 1 8 5, 1 9 5. 205. 2 1 5 
5. 2 4 5. 2 55 n#0«g 

2 0, 3 0, 4 0, 5 0, 6 0. 7 0. 
06.1 0 7.1 1 6.1 26 1 2 7 

7, 1 4 6. 1*56. 1 6 6, 1 7 6, 

2 1 6, 22 6, 2 27. 2 3 6, 2 
247. 248. 2 5 6. 3 1 0, 3 2 



345480 
3, 63. 3 0 

6. 306 m 



9 1. 10 1. 
1 . 16 1. 1 
. 2 2 1, 2 3 

9 2. 9 3. 1 
, 13 3, 14 
18 2. 19 2 

2 3, 2 33. 

9 5. 1 05. 
5. 16 5. 1 
, 2 25, 2 3 

8 6, 9 6, 1 
. 136, 13 
18 6. 19 6 

3 7. 2 46. 
0 nffitymm 



[013 



13] 




17 



22 



[04] 



IB 



} ^ u 



[05] 



11 



C13) 



^53200 1-345480 




(14) 



mr%2 001-345480 



[012] [117] [018] 




29 30 




#BS 2001-345480 




[036] [EI37] [038] 





[12 4 2 ] 



(17) 



[143 ] 



4$BB 2 0 0 1-345480 
[1244 ] 




(18) 



4$5B 2 0 0 1-345480 




(19) 



m$%2 0 0 1 -34548 0 
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situ ^E^fiS«cS;#i±i*i *«& «E^fiSt*a:*ttrt 
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